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I r r i g a t i o n  s c h e d u l i n g  w i t h  s o i l  m o i s t u r e  m o n i t o r i n g  d e v i c e s  pro- 
v ided  t h e  most e f f i c i e n t  u s e  o f  wa te r  on c laypan  s o i l s .  Corn was found t o  
be  p a r t i c u l a r l y  r e s p o n s i v e  t o  bo th  d r a i n a g e  and i r r i g a t i o n  wi th  average  
y i e l d  i n c r e a s e s  o f  80 b u s h e l s  p e r  a c r e  o v e r  t h e  seven y e a r  p e r i o d  of  t h e  
exper iment .  Consequent ly ,  wa te r  management was found t o  be an important  
a s p e c t  of  c o r n  p r o d u c t i o n .  Hybrid s e l e c t i o n  was found t o  b e  impor tan t  t o  
maximize t h e  b e n e f i t s  of  wa te r  management. 
Soybeans were found t o  be l e s s  r e s p o n s i v e  t o  i r r i g a t i o n  than  c o r n .  
A l s o ,  soybeans  were found t o  be more r e s p o n s i v e  t o  d r a i n a g e  d u r i n g  t h e  
growing s e a s o n  t h a n  c o r n .  Soybean v a r i e t y  s e l e c t i o n  was found t o  be 
i m p o r t a n t  t o  p reven t  lodg ing  when i r r i g a t i o n  was used.  
S u r f a c e  d r a i n a g e  i s  an impor tan t  p r a c t i c e  i n  wa te r  management b u t  
i r r i g a t i o n  was found t o  be n e c e s s a r y  t o  p reven t  y i e l d  r e d u c t i o n  p a r t i c u -  
l a r l y  w i t h  c o r n ,  when t o p  s o i l  was removed d u r i n g  t h e  c o n s t r u c t i o n  needed 
f o r  s u r f a c e  d r a i n a g e .  
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INTRODUCTION 
E f f i c i e n t  a g r i c u l t u r a l  p r o d u c t i o n  on t h e  n e a r l y  1 0  m i l l i o n  a c r e s  of  c l a y p a n  
s o i l s  i n  t h e  midwest has  long been cons ide red  dependent on e f f e c t i v e  water  
management, b u t  v e r y  l i t t l e  d a t a  h a s  been a v a i l a b l e  t o  model p roduc t ion  sys tems .  
A l s o ,  i n f o r m a t i o n  i s  needed t o  implement e i t h e r  i r r i g a t i o n  o r  d r a i n a g e  prac- 
t i c e s .  Near ly  5 p e r c e n t  o f  I l l i n o i s  i s  i n c l u d e d  i n  t h e  c laypan  reg ion  w i t h  most 
o f  t h e s e  s o i l s  i n  Sou thern  I l l i n o i s .  An i n i t i a l  s t u d y  by Walker and Lembke 
(1977)  p rov ided  a  c o m p i l a t i o n  of  l i t e r a t u r e  whereby t h e  e x p e r i e n c e s  of  o t h e r  r e -  
s e a r c h e r s  cou ld  be used a s  a  gu ide  toward p lann ing  a  f i e l d  s t u d y  of water  use on 
c l a y p a n  s o i l s .  Such a  s t u d y  shou ld  i n c o r p o r a t e  bo th  d r a i n a g e  and i r r i g a t i o n  
p r a c t i c e s  f o r  commonly grown f i e l d  c r o p s .  A f i e l d  s tudy  of water  management was 
begun i n  1977,  and r e p o r t e d  by Walker e t  a l .  (1981) and Walker e t  a l .  (1982) .  
Corn was grown c o n t i n u o u s l y  on t h e  twenty  p l o t s  d u r i n g  t h e  p r o j e c t  pe r iod  and 
s e v e r a l  c o n c l u s i o n s  were drawn: ( 1 )  Dra inage  and i r r i g a t i o n  i n d i v i d u a l l y  i n -  
c r e a s e d  y i e l d s  s i g n i f i c a n t l y  d u r i n g  t h e  p r o j e c t  pe r iod  ( 2 )  There  was a  p o s i t i v e  
s y n e r g i s t i c  e f f e c t  on y i e l d  when d r a i n a g e  was combined w i t h  i r r i g a t i o n  ( 3 )  The 
method of i r r i g a t i o n ,  whether s u r f a c e  o r  s p r i n k l e r ,  had l i t t l e  e f f e c t  on y i e l d  
and ( 4 )  S i m i l a r l y ,  t h e  method of  d r a i n a g e ,  whether  s u r f a c e  o r  s u b s u r f a c e ,  had 
l i t t l e  e f f e c t  on y i e l d s .  A l l  of t h e  c o n c l u s i o n s  of t h i s  f i r s t  f i e l d  s t u d y  were 
based on y i e l d s .  A s o i l  m o i s t u r e  model and a  t r e a t m e n t - y i e l d  model were deve l -  
oped f o r  i r r i g a t i o n  and d r a i n a g e  on t i g h t  c l aypan  s o i l s  but  s u f f i c i e n t  d a t a  was 
n o t  c o l l e c t e d  t o  make any v e r i f i c a t i o n .  
SOILS 
Claypan s o i l s  i n  I l l i n o i s  c o n s i s t  p r i m a r i l y  of t h e  Hoyleton-Cisne-Huey s o i l  
a s s o c i a t i o n  and occur  on t h e  uplands  of s o u t h - c e n t r a l  and s o u t h e r n  I l l i n o i s .  
These s o i l s  have developed under g r a s s  v e g e t a t i o n  and c o n s i s t  o f  2.5 t o  4  f e e t  
of  wind blown l o e s s  on weathered I l l i n o i a n  g l a c i a l  t i l l .  S ince  they a r e  s t r o n g -  
l y  weathered,  t h e y  a r e  a c i d  and l i g h t  c o l o r e d  even though t h e y  were formed under  
g r a s s  v e g e t a t i o n .  They have a  heavy s i l t y - c l a y - l o a m  s u b s o i l  a t  a  d e p t h  of 1 8  t o  
24 i n c h e s  t h a t  i s  v e r y  s lowly  permeable and which s e v e r e l y  l i m i t s  r o o t  develop-  
ment and w a t e r  p e n e t r a t i o n .  Consequent ly  d r o u g t h i n e s s  is  a  problem. A h i g h  
p e r c e n t a g e  o f  t h e s e  s o i l s  occur  on n e a r l y  l e v e l  t o  g e n t l y  s l o p i n g  land making 
them w e l l  adap ted  t o  t h e  use  of l a r g e  machinery bu t  making adequa te  s u r f a c e  
d r a i n a g e  a  major  problem. 
The s o i l s  t h a t  make up t h e  Brownstown Research Cen te r  a r e  p r i m a r i l y  Cisne  
A s s o c i a t i o n  t y p e s .  The Cisne  s e r i e s  i s  a  f i n e ,  m o n t m o r i l l o n i t i c ,  mesic M o l l i c  
A l b a q u a l f .  These s o i l s  t y p i c a l l y  have v e r y  d a r k  g r a y i s h  brown s i l t  loam Ap 
h o r i z o n s .  The A2 h o r i z o n s  a r e  g r a y i s h  brown and l i g h t  g r a y  s i l t y  t y p e s .  
Mot t led  g r a y i s h  brown heavy s i l t y  c l a y  loam makes up t h e  R2t h o r i z o n s .  Mot t led  
l i g h t  brownish g r a y  s i l t y  c l a y  loam B3 h o r i z o n s  and d a r k  g r a y i s h  brown s i l t  loam 
C h o r i z o n s  a t  d e p t h s  of about 60 inches  complete  t h e  s o i l  p r o f i l e  of t h e  Cisne  
s e r i e s .  T y p i c a l l y ,  t h e r e  i s  a  v e r y  t i g h t  c l aypan  l a y e r  l o c a t e d  between t h e  12- 
and 18-inch d e p t h s .  F i g u r e  1 i n d i c a t e s  t h e  l o c a t i o n  of t h e  Cisne  s i l t  loam and 
a s s o c i a t e d  s o i l s  i n  I l l i n o i s .  The s o i l  t y p e s  i n  t h e  e x p e r i m e n t a l  p l o t s  a r e  
shown i n  F i g u r e  2. Note t h a t  t h e  p l o t s  a r e  made up of two Cisne  A s s o c i a t i o n  
s o i l  t y p e s ,  t h e  Cisne  and t h e  Hoyle ton.  The major d i f f e r e n c e  between t h e  two i s  
s l o p e :  Hoyleton is  g e n t l y  t o  moderate ly  s l o p i n g  w h i l e  t h e  Cisne  is  n e a r l y  
l e v e l .  
WATER AND CLAYPAN SOIL AGRICULTIJRE 
The a r e a  of I l l i n o i s  wi th  t h e  l a r g e s t  c o n c e n t r a t i o n  of c laypan s o i l s  is i n  
t h e  s o u t h - c e n t r a l  p a r t  of t h e  s t a t e  where t h e  average  annual  r a i n f a l l  is  approx- 
i m a t e l y  40 i n c h e s .  While t h i s  is  an adequate  amount of water  f o r  c rop  produc- 
t i o n ,  t h e  d i s t r i b u t i o n  i s  u n c e r t a i n  and w i t h  t h e  low p l a n t - a v a i l a b l e  wa te r  s t o r -  
age c a p a c i t y  of  t h e s e  s o i l s ,  drought  s t r e s s  i s  f r e q u e n t  d u r i n g  c r i t i c a l  c r o p  
growth p e r i o d s  d u r i n g  t h e  summer months ( A u s t i n ,  T. A .  e t  a l .  , 1981) .  When ex- 
c e s s  r a i n f a l l  does  occur  d u r i n g  t h e s e  months, the  low p e r m e a b i l i t y  of  t h e  s o i l  
and t h e  f l a t  topography sometimes r e s u l t s  i n  e x c e s s i v e  water  i n  t h e  p l a n t  r o o t  
zone. When t h i s  e x c e s s i v e  water  comes i n  t h e  e a r l i e r  months, p l a n t i n g  opera-  
t i o n s  a r e  d e l a y e d ,  t h u s  reduc ing  t h e  y i e l d  p o t e n t i a l  of  t h e  c r o p .  When t h e  
s u r p l u s  comes i n  t h e  mid-growing season p e r i o d ,  t h e  sha l low r o o t  system becomes 
s a t u r a t e d  w i t h  a  l a c k  o f  oxygen n e c e s s a r y  f o r  p roper  r o o t  f u n c t i o n .  When t h e  
e x c e s s  r a i n f a l l  occurs  d u r i n g  l a t e  season ,  h a r v e s t i n g  o p e r a t i o n s  a r e  delayed 
wi th  accompanying l o s s e s  i n  both  y i e l d  and q u a l i t y .  Since  c r o p  p roduc t ion  i s  
v e r y  s e n s i t i v e  t o  e i t h e r  an excess  o r  a  d e f i c i e n c y  of wa te r ,  water  management is 
an impor tan t  c u l t u r a l  p r a c t i c e  on c laypan s o i l s .  
WATER SUPPLY 
I n  o r d e r  f o r  i r r i g a t i o n  t o  be a  p r a c t i c a l  c r o p  p roduc t ion  o p t i o n ,  water  
must be a v a i l a b l e  i n  s u f f i c i e n t  q u a n t i t i e s  w i t h  an economic means of  a p p l i c a t i o n  
(Walker e t  a l . ,  1981; M i l l e r  e t  a l . ,  1981) .  S i n c e  t h e  c laypan a r e a s  of I l l i n o i s  
a r e  g e n e r a l l y  o v e r  v e r y  poor groundwater a q u i f e r s ,  t h e  o n l y  w a t e r s  a v a i l a b l e  f o r  
i r r i g a t i o n  a r e  s u r f a c e  wa te r  s u p l i e s  e i t h e r  from n a t u r a l  s t r eams  o r  from a r t i f i -  
c i a l  empoundment s . 
M i l l e r  e t  a l .  (1981) found t h a t  wi th  a  d i s c o u n t  i n t e r e s t  r a t e  of l e s s  than 
12% and w i t h  i r r i g a t e d  y i e l d s  exceeding d r y l a n d  y i e l d s  by 45 b u s h e l s  pe r  a c r e ,  
i t  i s  economical  t o  c o n s t r u c t  i r r i g a t i o n  empoundments on c laypan  s o i l .  They 
assumed s l i g h t l y  l e s s  than $1.00 per cub ic  yard  of e a r t h  moved i n  c o n s t r u c t i o n  
and a  3 t o  1 r a t i o  between wa te r  s t o r e d  and e a r t h  moved. They assumed c laypan  
s o i l s  wi th  s t e e p  s l o p e s .  S i n c e  many a r e a s  of I l l i n o i s  have c laypan s o i l s  t h a t  
a r e  n e a r l y  f l a t ,  t h e  e a r t h  moving c o s t s  and l a n d  c o s t s  f o r  t h e  empoundment a r e a s  
may be g r e a t e r .  We must conclude from t h e  l i t e r a t u r e  a v a i l a b l e  on empoundment 
c o n s t r u c t i o n  t h a t  t h e  economics of  i r r i g a t i o n  on t h e  c laypan  s o i l s  o f  I l l i n o i s  
i s  s i t e  s p e c i f i c  and dependent on t h e  c o s t s  of a  water  supp ly .  
PREVIOUS WORK 
Fehrenbacher  e t  a l .  (1969) s t u d i e d  t h e  e f f e c t  of f e r t i l i t y  management on 
c r o p  r o o t i n g  p a t t e r n s  and y i e l d  f o r  c l aypan  and o t h e r  s o i l s .  They found t h a t ,  
a s  a  r e s u l t  of  i n c r e a s e d  f e r t i l i z a t i o n ,  c o r n  y i e l d s  were i n c r e a s e d  t h r e e - f o l d  on 
t h e  c laypan  s o i l s .  They concluded t h a t  p a r t  of t h e  y i e l d  i n c r e a s e  was due t o  
g r e a t e r  r o o t i n g  d e p t h  and more a v a i l a b l e  m o i s t u r e .  
Walker e t  a l .  (1981) d e s c r i b e d  t h e  p rev ious  r e s e a r c h  t h a t  began i n  1977 
w i t h  f o u r  y e a r s  of  d a t a  end ing  wi th  1980. The c o n c l u s i o n s  t h e y  drew were based . 
on corn  y i e l d .  Corn y i e l d s  were i n c r e a s e d  by 1 3  b u / a c r e  by d r a i n a g e  a l o n e  and 
50 b u l a c r e  by i r r i g a t i o n  a l o n e .  I r r i g a t i o n  and d r a i n a g e  combined were found t o  
i n c r e a s e  y i e l d s  s y n e r g i s t i c a l l y  wi th  an average  i n c r e a s e  of 92 b u l a c r e  when 
d r a i n a g e  and i r r i g a t i o n  were combined. They found t h a t  t h e  method of  i r r i g a -  
t i o n ,  whether  s p r i n k l e r  o r  furrow,  had l i t t l e  e f f e c t  on y i e l d  and t h a t  t h e  
method of  d r a i n a g e ,  whether  s u r f a c e  o r  s u b s u r f a c e ,  had l i t t l e  e f f e c t  on y i e l d .  
The wa te r  supp ly  f o r  t h i s  s t u d y  c o n s i s t e d  of two smal l  a r t i f i c i a l  empoundments 
c o n s t r u c t e d  t o  c o n t a i n  o n l y  s u f f i c i e n t  wa te r  t o  p r o v i d e  t h e  annual  i r r i g a t i o n  
needs .  
METHODS 
The study area is located at the Rrownstown Agronomy Research Center in 
south central Illinois approximately 8 miles east of Vandalia, Illinois. The 
plots are on a Cisne-Hoyleton soil association in the southwestern part of the 
research center. The layout includes two replications of each irrigation-drain- 
age treatment combination for both corn and soybeans. The plots were instru- 
mented for intensive soil moisture monitoring and meteorological measurements in 
addition to determination of grain yield. 
TREATMENT COMBINATIONS AND LAYOUT 
The demonstration-research study area consists of four sets of ten one- 
sixth-acre plots, each plot having one of ten different irrigation and drainage 
treatments. Corn was grown on two sets, soybeans on the other two. The crops 
are rotated annually. Two sets of plots were established in 1976, on series 
1100 and 1200 of the research center prior to the beginning of this study. The 
remaining two sets were constructed in 1980 on series 900 and 1000. 
The initial irrigation treatments were sprinkler, surface (furrow), and no 
irrigation. In 1982, the furrow irrigated plots were equipped with sprinkler 
irrigation to treat different irrigation intensities for corn and to investigate 
the effect of irrigation on double crop soybeans. The drainage treatments are 
surface, subsurface, both surface and subsurface (combination), and no drainage. 
Because of the physical incompatibility of some treatment combinations, only ten 
of possible twelve combinations were used. Furrow irrigation requires the field 
to slope in one direction, thus ruling out the pairing of furrow irrigation and 
treatments without surface drainage. 
The treatment combinat ions, plot con£ igurat ion and treatment layout used in 
the study are shown in ~igure 3. Each plot measures 64 ft by 108 ft. An 
e a r t h e n  d i k e  i s o l a t e s  each  p l o t  from s u r f a c e  wa te r  s o u r c e s .  A v e r t i c a l  p l a s t i c  
f i l m  p laced  t o  a  d e p t h  of  5  f t  r e s t r i c t s  t h e  movement of s u b s u r f a c e  wa te r  i n t o  
and o u t  o f  i n d i v i d u a l  p l o t s .  
Sur face -d ra ined  p l o t s  have a  s l o p e  of 0 . 5  p e r c e n t  p a r a l l e l  w i t h  t h e  long 
dimension o f  t h e  p l o t .  Runoff i s  d i s c h a r g e d  t o  a  c o l l e c t i o n  sump a t  t h e  end o f  
t h e  p l o t .  Cor ruga ted  p l a s t i c  t u b i n g  3  i n c h e s  i n  d i a m e t e r  p rov ides  t h e  sub- 
s u r f a c e  d r a i n a g e .  Three l i n e s  spaced 20 f t  a p a r t  were i n s t a l l e d  p a r a l l e l  w i t h  
t h e  long dimension of t h e  p l o t ,  wi th  an average  depth  of s o i l  cover  of 1 f t .  
The d r a i n  l i n e s ,  which a r e  p a r a l l e l  w i t h  t h e  long  dimension of  t h e  f i e l d ,  were 
i n s t a l l e d  w i t h  a  s l o p e  of  0 . 2  p e r c e n t  on p l o t s  wi th  on ly  s u b s u r f a c e  d r a i n a g e .  
The p l o t s  t h a t  have o n l y  s u b s u r f a c e  d r a i n a g e  a r e  graded l e v e l .  The t i l e  l i n e s  
i n  t h e  s u r f a c e  p l u s  s u b s u r f a c e  d r a i n a g e  p l o t s  have 0.5% s l o p e .  
P l o t s  w i t h o u t  d r a i n a g e  a r e  graded l e v e l  and ,  l i k e  t h e  o t h e r  p l o t s ,  have 
e a r t h e n  d i k e s  and p l a s t i c  f i l m  b a r r i e r s  t o  r e s t r i c t  movement of water  i n t o  o r  
o u t  of  t h e  p l o t s .  I n  1981, s u r f a c e  i n l e t s  were i n s t a l l e d  t o  l i m i t  ponding d e p t h  
and d u r a t i o n  on t h e s e  p l o t s  i n  o r d e r  t o  b e t t e r  s i m u l a t e  l e v e l  f i e l d  c o n d i t i o n s  
r a t h e r  t h a n  d e p r e s s i o n a l  s i t u a t i o n s .  
Water f o r  i r r i g a t i o n  is  pumped from two nearby ponds. Furrow i r r i g a t i o n  
w a t e r  was a p p l i e d  between each  row by means of  g a t e d  p i p e :  row s l o p e  i s  0 .5  
p e r c e n t .  S p r i n k l e r  s p a c i n g  is  32 f t  x 32 f t .  I r r i g a t i o n  wa te r  was a p p l i e d  a t  
t h e  r a t e  o f  0 .2  i n c h  p e r  hour  w i t h  t h e  fu r row i r r i g a t i o n  and 0 . 1  i n c h  p e r  hour  
w i t h  t h e  s p r i n k l e r  system. I r r i g a t i o n  e f f i c i e n c y  d u r i n g  t h e  f i e l d  s t u d y  was 
assumed t o  be  0.80 f o r  bo th  t h e  s p r i n k l e r  sys tem and t h e  g a t e d  p i p e .  These 
f a c t o r s  were used t o  de te rmine  wa te r  volume amounts r e q u i r e d  t o  a c h i e v e  t h e  
d e s i r e d  n e t  i r r i g a t i o n  a p p l i c a t i o n .  
CROP MANAGEMENT 
P e r t i n e n t  c rop  management d a t a  a r e  l o c a t e d  i n  Tab les  1 and 2 f o r  corn  and 
soybeans  r e s p e c t i v e l y .  I n i t i a l  p l a n s  c a l l e d  f o r  a  z e r o  t i l l  c ropp ing  sys tem;  
however, d i f f i c u l t i e s  encoun te red  w i t h  weed c o n t r o l  and s t a n d  e s t a b l i s h m e n t  
caused a  s h i f t  t o  s h a l l o w  c o n v e n t i o n a l  t i l l a g e .  Deep t i l l a g e  methods cannot  be  
g e n e r a l l y  p r a c t i c e d  on t h e  p l o t s  i n  o r d e r  t o  avoid  damage t o  t h e  t i l e  d r a i n a g e  
sys tem.  
F e r t i l i t y ,  weed c o n t r o l  and p e s t  c o n t r o l  a r e  managed a t  l e v e l s  t o  promote 
h i g h  p r o d u c t i o n .  
A s  soon a s  s o i l  c o n d i t i o n s  on bo th  r e p l i c a t i o n s  would a l low,  each t r ea tment  
was p l a n t e d .  I n  most y e a r s ,  t h e  e n t i r e  c r o p  was p l a n t e d  on t h e  same d a t e  and i n  
t h e  y e a r s  t h a t  s imul taneous  ~ l a n t i n g  was n o t  p o s s i b l e ,  o n l y  t h e  p l a n t i n g  of t h e  
non-drained p l o t s  was d e l a y e d .  The d e l a y e d  p l a n t i n g  d a t e  i n  1978 was caused by 
c o n s t r u c t i o n  a c t i v i t i e s  r a t h e r  than weather  r e l a t e d  s o i l  c o n d i t i o n s .  
Unless  o t h e r w i s e  n o t e d ,  a l l  c r o p  y i e l d  d a t a  a r e  from samples h a r v e s t e d  w i t h  
t h e  commercial model combine a t  t h e  r e s e a r c h  c e n t e r .  Each sample is weighed i n  
an i n t e g r a l l y  mounted t a n k ;  a  m o i s t u r e  sample i s  t aken  b e f o r e  t h e  g r a i n  is  
dumped i n t o  t h e  h o l d i n g  b i n .  A l l  y i e l d s  a r e  c a l c u l a t e d  a t  a  s t a n d a r d  m o i s t u r e  
c o n t e n t :  15.5% f o r  c o r n  and 13% f o r  soybeans .  
IRRIGATION SCHEDULING 
For  t h e  c o u r s e  of t h i s  s t u d y ,  i r r i g a t i o n  was schedu led  u s i n g  t e n s i o m e t e r s  
t o  e s t i m a t e  p l a n t - a v a i l a b l e  s o i l  m o i s t u r e  d e p l e t i o n .  Each p l o t  i s  i r r i g a t e d  on 
demand a s  i n d i c a t e d  by t h e  t e n s i o m e t e r  r e a d i n g s  a t  t h e  one f o o t  l e v e l .  One inch  
( n e t )  o f  w a t e r  i s  t h e  d e s i r e d  amount f o r  an i r r i g a t i o n  a p p l i c a t i o n ;  however, 
s m a l l  v a r i a t i o n s  i n  i n d i v i d u a l  a p p l i c a t i o n s  e x i s t .  
With t h e  e x c e p t i o n  of t h e  low t e n s i o n  corn  p l o t s  i n  1982 and 1983, a  p l o t  
was i r r i g a t e d  when t h e  average  t e n s i o m e t e r  r e a d i n g  a t  t h e  one f o o t  d e p t h  
exceeded 625 m i l l i b a r s  - approximate ly  50% p l a n t - a v a i l a b l e  s o i l  m o i s t u r e  deple-  
t i o n .  The low t e n s i o n  c o r n  p l o t s  were watered a t  a  mean t e n s i o m e t e r  r e a d i n g  of 
425 m i l l i b a r s  - approx imate ly  33% p l a n t - a v a i l a b l e  s o i l  m o i s t u r e  d e p l e t i o n .  
From 1977 through 19?9,  i r r i g a t i o n  s c h e d u l i n g  was determined u s i n g  a  seven- 
day  m o i s t u r e  t o t a l .  P r e c i p i t a t i o n  p l u s  i r r i g a t i o n  f o r  t h e  p rev ious  seven days 
was t o t a l e d  d a i l y .  S u f f i c i e n t  i r r i g a t i o n  was a p p l i e d  t o  a l l  p l o t s  t o  r a i s e  t h e  
t o t a l  t o  one i n c h  whenever t h e  t o t a l  f o r  t h e  seven-day sum was below t h a t  
amount. Up t o  t h r e e  days  were r e q u i r e d  t o  complete  an i r r i g a t i o n  c y c l e ;  
c o n s e q u e n t l y ,  t h e  p o s s i b i l i t y  of a  seven day m o i s t u r e  t o t a l  of l e s s  than one 
i n c h  f o r  a  p l o t  e x i s t e d  f o r  up t o  a  two-day p e r i o d .  
Average n e t  i r r i g a t i o n  by t r ea tment  i s  i n d i c a t e d  i n  Tab le  3  f o r  corn  and i n  
Tab le  4  f o r  soybeans .  The approximate  number of  i r r i g a t i o n  a p p l i c a t i o n s  
r e c e i v e d  by a  t r e t m e n t  may be determined by d i v i d i n g  t h e  i r r i g a t i o n  amount by 
1 .0  i n c h ,  t h e  d e s i r e d  i r r i g a t i o n  amount. S ince  each  p l o t  cou ld  be i r r i g a t e d  
i n d i v i d u a l l y  i n  1981 and succeeding y e a r s ,  t h e  average  amounts may n o t  r e f l e c t  . 
t h e  d i f f e r e n c e s  i n  water  r e q u i r e d  by i n d i v i d u a l  p l o t s .  
A l a t e r  s e c t i o n  i n  t h i s  r e p o r t  beg inn ing  on page 19 d e s c r i b e s  a  method 
proposed t o  p r a c t i c a l l y  s c h e d u l e  i r r i g a t i o n  of  c l aypan  s o i l s .  
WEATHER 
Annual v a r i a t i o n  i n  weather  i s  t h e  most important  f a c t o r  c o n t r o l l i n g  c r o p  
y i e l d .  Th i s  exper iment  was conducted t o  d e t e r m i n e  t h e  e f f e c t i v e n e s s  of managing 
t h e  o n l y  f a c t o r  of weather  t h a t  can be p r a c t i c a l l y  modi f i ed  on a  l o c a l  b a s i s ,  
wa te r .  The d r a i n a g e  f a c t o r  of  t h e  t r e a t m e n t s  i s  used t o  c o n t r o l  e x c e s s  w a t e r ;  
t h e  i r r i g a t i o n  f a c t o r  adds supplementa l  wa te r  when p r e c i p i t a t i o n  i s  l e s s  than 
t h e  amount r e q u i r e d  f o r  c rop  p r o d u c t i o n .  The remaining weather f a c t o r s ,  
t e m p e r a t u r e ,  r e l a t i v e  humidi ty ,  wind and s o l a r  r a d i a t i o n  were not  c o n t r o l l e d .  
Summaries of  t h e  d a i l y  p r e c i p i t a t i o n  a t  t h e  Brownstown Agronomy Research 
C e n t e r  a r e  included i n  Appendix A o f  t h i s  r e p o r t  a s  an a i d  i n  e v a l u a t i n g  t h e  
y i e l d  d i f f e r e n c e s  and i r r i g a t i o n  needs i n  t h i s  exper iment .  Rains of  -25  inches  
o r  l e s s  a r e  l a r g e l y  i n e f f e c t i v e  as  a  source  of mois tu re  f o r  p l a n t  growth, par- 
t i c u l a r l y  a f t e r  t h e  c r o p  canopy has  c l o s e d ,  because  most of  t h e  wa te r  is  r e t a i n -  
ed on t h e  p l a n t  l e a v e s .  Most of the  m o i s t u r e  from such l i g h t  r a i n s  t h a t  reaches  
t h e  s o i l  s u r f a c e  i s  l o s t  t o  e v a p o r a t i o n  b e f o r e  i t  can move i n t o  t h e  r o o t  zone. 
A summary of c r i t i c a l l y  high t empera tu res  is inc luded  i n  Appendix B s i n c e  
e x c e s s i v e l y  h igh  t empera tu res  a r e  a  major component of  h igh  e v a p o r a t i o n  and 
t r a n s p i r a t  i o n  which induces  mois tu re  s t r e s s .  
INSTRUMENTATION AND MEASUREMENTS 
S o i l  m o i s t u r e  was i n t e n s i v e l y  moni tored d u r i n g  t h e  s t u d y .  Each p l o t  was 
equipped w i t h  two s o i l  mois tu re  s t a t i o n s  l o c a t e d  a s  i n d i c a t e d  i n  F igure  4 .  Each 
m o i s t u r e  s t a t i o n  c o n s i s t e d  of t h r e e  t e n s i o m e t e r s  a t  12,  1 8  and 24 i n c h  d e p t h s ,  
t h r e e  gypsum b l o c k s  a t  6 ,  12 and 18 inch  d e p t h s ,  and a  f i v e  f o o t  long neutron 
probe a c c e s s  tube.  I n  1982 and 1983, a  30-inch o b s e r v a t i o n  wel l  was added a t  
each s t a t i o n  t o  moni tor  t h e  f r e e  wa te r  t a b l e  above t h e  c laypan .  Neutron probe 
t u b e s  were no t  i n s t a l l e d  i n  1983. 
The t e n s i o m e t e r s ,  gypsum b locks  and o b s e r v a t i o n  w e l l s  were read d a i l y  dur- 
i n g  t h e  growing season .  Readings were n o t  taken on weekends o r  h o l i d a y s  u n l e s s  
i r r i g a t i o n  needs  were imminent. Neutron probe read ings  were taken on a  per iod-  
i c a l  b a s i s  d u r i n g  t h e  growing season .  
D a i l y  weather  pa ramete r s  i n c l u d i n g  maximum-minimum a i r  t empera tu re ,  r e l a -  
t i v e  humid i ty ,  p r e c i p i t a t i o n ,  c l a s s  A pan e v a p o r a t i o n ,  s o l a r  r a d i a t i o n  and wind 
run were moni tored a t  a  weather  s t a t i o n  a d j a c e n t  t o  t h e  p l o t s .  
STATISTICAL ANALYSIS 
Because of t h e  d e s i r e d  comparisons ;n t h e  exper iments ,  s e v e r a l  s t a t i s t i c a l  
a n a l y s e s  were n e c e s s a r y .  Addi t ion  of  v a r i e t i e s  and m o d i f i c a t i o n  of some t r e a t -  
ments d u r i n g  l a t e r  y e a r s  f u r t h e r  compl ica ted  m a t t e r s .  
A f t e r  c o n s i d e r a b l e  d e l i b e r a t i o n ,  s e v e r a l  d i f f e r e n t  a n a l y s e s  were run i n  
o r d e r  t o  a d e q u a t e l y  make a l l  of the  d e s i r e d  compar isons .  
S i n c e  t h e  c o r n  h y b r i d s  were n o t  c o n s t a n t  a c r o s s  y e a r s  n o r  were two h y b r i d s  
grown i n  a l l  y e a r s ,  a  randomized complete  b lock wi th  s p l i t  p l o t  a n a l y s i s  was run 
f o r  each  y e a r  when two h y b r i d s  were used t o  t e s t  f o r  h y b r i d  d i f f e r e n c e s .  
Then, i n  o r d e r  t o  pool t h e  d a t a  f o r  t e s t s  a c r o s s  y e a r s ,  mean y i e l d s  of 
v a r i e t i e s  w i t h i n  p l o t s  were c a l c u l a t e d  and used f o r  t h e  a n a l y s i s  of t h e  t o t a l  
exper iment  of t h e  corn  d a t a .  A seven y e a r  a n a l y s i s  a s  a  randomized complete 
b lock  was performed t o  t e s t  f o r  t r e a t m e n t  d i f f e r e n c e s .  The low t e n s i o n  i r r i -  
g a t e d  p l o t  d a t a  were pooled w i t h  t h e  furrow i r r i g a t i o n  d a t a  from t h e  p rev ious  
f i v e  y e a r s  f o r  t h e  r e s p e c t i v e  d r a i n a g e  t r e a t m e n t s  i n  t h i s  a n a l y s i s  s i n c e  i n d i -  
v i d u a l  annual  comparisons i n d i c a t e d  no major d i f f e r e n c e s  were c r e a t e d  by t h e  
change of t r e a t m e n t s .  
Analogus a n a l y s e s  were performed on t h e  soybean r e s u l t s  excep t  t h a t  t h r e e  
a n a l y s e s  were r e q u i r e d  on t h e  means of v a r i e t i e s  - one f o r  1980-81 on a l l  t e n  
t r e a t m e n t s  t o  compare furrow i r r i g a t i o n ,  one f o r  1982-83 c o n t a i n i n g  double  c r o p  
soybeans w i t h  and wi thou t  i r r i g a t i o n ,  and a  f o u r  y e a r  a n a l y s i s  of  t h e  e i g h t  
t r e a t m e n t s  remaining c o n s t a n t  a c r o s s  t h e  f o u r  y e a r s .  
The a p p r o p r i a t e  e r r o r  mean s q u a r e s  de te rmined  i n  t h e  randomized complete  
b l o c k  a n a l y s e s  were then used t o  make f u r t h e r  comparisons i n  s e v e r a l  f a c t o r i a l  
a n a l y s e s  t o  d e t e r m i n e  i n t e r a c t i o n s  between i r r i g a t i o n  and d r a i n a g e .  
A 3  x  2  f a c t o r i a l  a n a l y s i s  was run on t h e  1977-1981 mean corn  y i e l d s  and 
t h e  1980-1981 mean soybean y i e l d s  t o  t e s t  f o r  main e f f e c t s  of  i r r i g a t i o n  method 
( ~ u r r o w ,  S p r i n k l e r ,  Dryland) and t h e  a p p l i c a b l e  d r a i n a g e  methods ( s u r f a c e ,  
Combinat ion) ,  and f o r  i n t e r a c t i o n  e f f e c t s  of  t h e s e  f a c t o r s .  A s i m i l a r  f a c t o r i a l  
was run on t h e  1982-83 mean corn  y i e l d s  t o  t e s t  f o r  d i f f e r e n c e s  due t o  i r r i g a -  
t i o n  i n t e n s i t y  wi th  t h e  same d r a i n a g e  methods.  A 2  x  4 f a c t o r i a l  a n a l y s i s  was 
t h e n  run on t h e  o r i g i n a l  s p r i n k l e r  i r r i g a t e d  and d ry land  seven yea r  mean corn  
y i e l d s  and f o u r  yea r  mean soybean y i e l d s  t o  t e s t  f o r  main e f f e c t s  of i r r i g a t i o n  
( s p r i n k l e r ,  Dryland)  and d r a i n a g e  ( s u r f a c e ,  Combination, T i l e ,   one), and f o r  
i n t e r a c t i o n  e f f e c t s  of  t h e s e  f a c t o r s .  
VARIETY EFFECTS 
I n  t h e  y e a r s  when two corn  h y b r i d s  were c o r n ,  t h e r e  were no s i g n i f i c a n t  
d i f f e r e n c e s  between h y b r i d s  o r  s i g n i f i c a n t  t r ea tment -hybr id  i n t e r a c t i o n s  wi th  
t h e  e x c e p t i o n  o f  1983.  I n  1983, t h e  l a t e  p l a n t i n g  d a t e  r e q u i r e d  t h e  p l a n t i n g  of 
a  s h o r t  season hybr id  on t h e  non-drained p l o t s  which produced a n t i c i p a t e d  
v a r i e t y  and v a r i e t y - t r e a t m e n t  i n t e r a t i o n s .  The v a r i e t i e s  grown on d r a i n e d  p l o t s  
d i d  no t  produce s i g n i f i c a n t l y  d i f f e r e n t  y i e l d s  i n  1983. 
Soybean v a r i e t i e s  on t h e  o t h e r  hand,  a s  shown i n  Tab le  6 ,  produced s i g n i f -  
i c a n t l y  d i f f e r e n t  y i e l d s  i n  a l l  y e a r s  excep t  1983. No s i g n i f i c a n t  t r ea tment -  
v a r i e t y  i n t e r a c t i o n s  were obse rved .  
In  s p i t e  of t h e  l a c k  of s i g n i f i c a n t  d i f f e r e n c e s  between corn  h y b r i d s ,  an 
impor tan t  p o i n t  is  i l l u s t r a t e d  i n  Table  7,  p a r t i c u l a r l y  i n  1981 and 1982. The 
d i f f e r e n c e  i n  y i e l d  p o t e n t i a l  under i d e a l  m o i s t u r e  c o n d i t i o n s  ( i . e .  i r r i g a t e d )  
o f  t h e  h y b r i d s  may w e l l  be t h e  margin between s u c c e s s  and f a i l u r e  o f  i r r i g a t i o n .  
The r e s u l t s  i n  T a b l e  7  i n d i c a t e  t h a t  B73 x  Pa91 when p l a n t e d  on a  t i m e l y  
s c h e d u l e  i s  more s u s c e p t i b l e  t o  drought  s t r e s s  t h a n  P i o n e e r  3183. Also B73 x  
Pa91 produces  a  g r e a t e r  y i e l d  response  t o  i r r i g a t i o n  than  P i o n e e r  3183. The 
v i r t u a l  c r o p  f a i l u r e  under d r y l a n d  c o n d i t i o n s  and t h e  ex t remely  l a t e  p l a n t i n g  
d a t e  i n  1983 mask t h i s  e f f e c t .  
RANDOMIZED COMPLETE BLOCK TREATMENT EFFECTS 
T a b l e s  8  and 9  c o n t a i n  rank ings  of each t r ea tment  averaged a c r o s s  v a r i e t y  
by y e a r  and f o r  t h e  e n t i r e  exper iment  a c r o s s  y e a r s  f o r  c o r n  and soybeans .  T a b l e  
c o n t a i n s  o n l y  e i g h t  of the  t e n  o r i g i n a l  t r e a t m e n t s  s i n c e  t h e  convers ion  t o  
double  c r o p  soybeans  f o l l o w i n g  smal l  g r a i n  on t h e  fu r row i r r i g a t i o n  p l o t s  
c r e a t e s  a  s i t u a t i o n  t h a t  i s  not  analogos  t o  t h e  cor respond ing  t r e a t m e n t s  i n  t h e  
corn .  
TREATMENT EFFECTS - CORN 
Over t h e  c o u r s e  of  t h e  s t u d y  corn  y i e l d s  show a  wide v a r i a t i o n  from y e a r  t o  
y e a r ;  however, i n s p e c t i o n  of Tab le  8  i n d i c a t e s  s e v e r a l  t r e n d s .  
F i r s t ,  a l l  t r e a t m e n t s  w i t h  d r a i n a g e  under i r r i g a t i o n  ( # 1 , 2 , 4 , 6 , 7 )  n e a r l y  
a lways  produced s i g n i f i c a n t l y  h i g h e r  y i e l d s  than t h e i r  n o n - i r r i g a t e d  coun te r -  
p a r t s  ( # 3 , 5 , 8 ) ;  y e t ,  s i g n i f i c a n t  d i f f e r e n c e s  i n  y i e l d  w i t h i n  t h e s e  groups  of  
t r e a t m e n t s  a r e  r a r e .  
Second ly ,  i n  t h o s e  y e a r s  when t h e  n o n - i r r i g a t e d  t r e a t m e n t s  have cons ide r -  
a b l y  lower y i e l d s  than  t h e i r  i r r i g a t e d  c o u n t e r p a r t s  ( d r y  y e a r s  w i t h  h igh  mois- 
t u r e  s t r e s s ) ,  t h e  i r r i g a t e d ,  non-drained t r e a t m e n t  (#9)  u s u a l l y  produces y i e l d s  
which a r e  not  s i g n i f i c a n t l y  lower than  t h e  i r r i g a t e d  t r e a t m e n t s  wi th  d r a i n a g e .  
The e x c e p t i o n  i s  1983, when e x c e s s i v e l y  wet s o i l  c o n d i t i o n s  delayed p l a n t i n g  of 
t h e  non-drained t r e a t m e n t s  f o r  n e a r l y  a  month. 
T h i r d ,  i n  t h e  y e a r s  of r e l a t i v e l y  low m o i s t u r e  s t r e s s  ( h i g h  y i e l d s  on non- 
i r r i g a t e d  t r e a t m e n t s  r e l a t i v e  t o  i r r i g a t e d  p l o t s ) ,  t h e  i r r i g a t e d  non-drained 
t r e a t m e n t  y i e l d s  tend t o  f a l l  i n t o  an i n t e r m e d i a t e  group which is not s i g n i f i -  
c a n t l y  d i f f e r e n t  than  e i t h e r  t h e  i r r i g a t e d ,  d r a i n e d  t r e a t m e n t s  o r  t h e  n o n - i r r i -  
g a t e d  t r e a t m e n t s .  1979 i s  t h e  e x c e p t i o n  t o  t h i s  t r e n d  when a  s h o r t  pe r iod  of 
e x t r e m e l y  heavy p r e c i p i t a t i o n  l a t e  i n  t h e  growing season  comple te ly  f looded  t h e  
non-drained t r e a t m e n t s ,  k i l l i n g  p r a c t i c a l l y  a l l  of t h e  c r o p  b e f o r e  m a t u r i t y .  
F o u r t h ,  t h e  s u r f a c e  d r a i n e d  n o n - i r r i g a t e d  t r e a t m e n t  (#3)  produced t h e  
lowes t  y i e l d s  by a  c o n s i d e r a b l e  margin o v e r  most of t h e  exper iment .  A s i m i l a r  
t r e n d  is  n o t i c e a b l e  from 1977 through 1979 on t h e  s u r f a c e  d r a i n e d  furrow i r r i -  
g a t e d  t r e a t m e n t  ( # I ) .  These two t r e a t m e n t s  a r e  l o c a t e d  a d j a c e n t  t o  each o t h e r  
on t h e  e a s t  end o f  t h e  r e p l i c a t e  i n  s e r i e s  1200. Excess ive  t o p s o i l  removal 
d u r i n g  c o n s t r u c t i o n  and g r a d i n g  of t h e s e  p l o t s  has  been p r e v i o u s l y  recognized 
(Walker e t  a l . ,  1981) a s  a  major  f a c t o r  i n  t h e  low y i e l d s  o f  t r e a t m e n t  3  o v e r  
t h e  c o u r s e  of  t h e  exper iment .  Th i s  e f f e c t  would be masked t o  a  g r e a t  e x t e n t  by 
i r r i g a t i o n .  However, d u r i n g  t h e  i n i t i a l  t h r e e  y e a r s  o f  t h e  exper iment ,  t h e  
i r r i g a t i o n  s c h e d u l i n g  method added e q u a l  amounts of  wa te r  t o  a l l  p l o t s  r a t h e r  
than  i r r i g a t i n g  each p l o t  on demand. Consequent ly ,  t h e  s o u t h  r e p l i c a t e  o f  
t r e a t m e n t  #1 was q u i t e  probably  under more s e v e r e  wa te r  s t r e s s  than i t s  coun te r -  
p a r t  d u r i n g  t h e  e a r l y  y e a r s  o f  t h e  exper iment .  
F i n a l l y ,  when t h e  y i e l d s  of a l l  y e a r s  a r e  combined, a l l  of  t h e  i r r i g a t e d ,  
d r a i n e d  t r e a t m e n t s  f a l l  i n t o  a  group whose ext remes a r e  s i g n i f i c a n t l y  d i f f e r e n t  
from each o t h e r ,  b u t  n e i t h e r  is s i g n i f i c a n t l y  d i f f e r e n t  from t h e  i n t e r m e d i a t e  
members. The i r r i g a t e d  t r e a t m e n t  wi thou t  d r a i n a g e  produces  s i g n i f i c a n t l y  lower 
y i e l d s  than  any of  t h e  o t h e r  i r r i g a t e d  t r e a t m e n t s ,  bu t  s i g n i f i c a n t l y  g r e a t e r  
y i e l d s  than  any n o n - i r r i g a t e d  t r e a t m e n t .  The n o n - i r r i g a t e d  t r e a t m e n t s  f a l l  i n t o  
two groups  which d i f f e r  s i g n i f i c a n t l y  from each o t h e r .  
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i c a n t  i n t e r a c t i o n  e f f e c t s  between i r r i g a t i o n  and d r a i n a g e  i n  t h e  i r r i g a t i o n  
method comparison.  
The analogous  comparison f o r  soybeans produced no s i g n i f i c a n t  d i f f e r e n c e s  
from e i t h e r  i r r i g a t i o n  o r  d r a i n a g e  o v e r  t h e  two y e a r  t e s t .  A s  wi th  c o r n ,  no 
s i g n i f i c a n t  i n t e r a c t i o n  e f f e c t s  were p r e s e n t .  
I r r i g a t i o n  I n t e n s i t y  - Corn 
Over t h e  two y e a r s  when i r r i g a t i o n  i n t e n s i t y  was e v a l u a t e d  a s  shown i n  
Tab les  1 6 ,  17 and 1 8 ,  both  i r r i g a t i o n  i n t e n s i t i e s  produced s i g n i f i c a n t l y  h i g h e r  
c o r n  y i e l d s  than  d r y l a n d ;  however, y i e l d s  under t h e  two i r r i g a t i o n  i n t e n s i t i e s  
were n o t  s i g n i f i c a n t l y  d i f f e r e n t .  No s i g n i f i c a n t  d i f f e r e n c e s  i n  y i e l d  were 
a t t r i b u t a b l e  t o  d r a i n a g e  method, nor  were s i g n i f i c a n t  i n t e r a c t i o n s  between 
i r r i g a t i o n  i n t e n s i t y  and d r a i n a g e  method p r e s e n t .  
DOUBLE CROP SOYBEANS 
T a b l e  19 i n d i c a t e s  t h e  r e s u l t s  of two y e a r s  i r r i g a t i o n  t r i a l s  wi th  doub le  
c r o p  soybeans  under  adequa te  d r a i n a g e .  The two y e a r s  combined d a t a  i n d i c a t e  no 
s i g n i f i c a n t  i n c r e a s e  i n  y i e l d  f o r  doub le  c r o p  soybeans under i r r i g a t i o n .  How- 
e v e r ,  i n  comparing i n d i v i d u a l  y e a r s ,  1983 produced a  h i g h l y  s i g n i f i c a n t  y i e l d  
i n c r e a s e  from i r r i g a t i o n  because of the  ext reme d r o u g h t ,  whi le  1982 produced no 
y i e l d  d i f f e r e n c e s  i n  a  s e a s o n  wi th  v e r y  f a v o r a b l e  p r e c i p i t a t i o n  r e s u l t i n g  i n  no 
e f f e c t i v e  i r r i g a t i o n  a t  a l l .  
TWO BY FOUR FACTORIAL COMPARISONS 
DRAINAGE METHODS UNDER SPRINKLER IRRIGATION AND DRYLAND - CORN 
Tab les  20, 21 and 22 show t h e  annual  and combined corn  y i e l d  r e s u l t s  f o r  a  
2  x  4 i r r i g a t i o n - d r a i n a g e  f a c t o r i a l .  Over a  seven yea r  p e r i o d ,  s i g n i f i c a n t  
y i e l d  d i f f e r e n c e s  can be a t t r i b u t e d  t o  i r r i g a t i o n  and t o  d r a i n a g e  t r e a t m e n t .  A 
s i g n i f i c a n t  p o s i t i v e  i n t e r a c t i o n  between i r r i g a t i o n  and d r a i n a g e  t r ea tment  is 
p r e s e n t .  
IRRIGATION FACTOR.- CORN 
The r e s u l t s  shown i n  Tab le  20 i n d i c a t e  t h a t  i r r i g a t i o n  a s  a  main f a c t o r  
c o n s i s t e n t l y  i n c r e a s e s  corn  y i e l d .  The magnitude of t h e  i n c r e a s e  w i t h i n  y e a r s  
v a r i e s  wi th  t h e  wea the r .  The s m a l l e s t  i n c r e a s e  o f  22 b u s h e l s  p e r  a c r e  was pro- 
duced i n  1982 when r e l a t i v e l y  coo l  t empera tu res  and q u i t e  f a v o r a b l e  
p r e c i p i t a t i o n  d i s t r i b u t i o n  p r e v a i l e d .  The l a r g e s t  y i e l d  i n c r e a s e  o f  127 b u s h e l s  
p e r  a c r e  was produced i n  1983 d u r i n g  t h e  worst  summer drought  on r e c o r d ;  t h e  
i n c r e a s e  would have been even g r e a t e r  i f  s p r i n g  and e a r l y  summer r a i n f a l l  
al lowed a  reasonab ly  normal p l a n t i n g  d a t e .  The seven y e a r  means i n d i c a t e  an 
i n c r e a s e  i n  c o r n  y i e l d  o f  62 b u s h e l s  p e r  a c r e .  
DRAINAGE FACTOR - CORN 
The seven y e a r  mean corn  y i e l d s  c o n t a i n e d  i n  Tab le  21 i n d i c a t e  t h a t  d r a i n -  
age l i k e w i s e  s i g n i f i c a n t l y  i n c r e a s e s  p r o d u c t i o n  by up t o  28.3  b u s h e l s  p e r  a c r e .  . 
However on an annual  b a s i s ,  t h e  e f f e c t  of d r a i n a g e  i s  not  c o n s i s t e n t .  Corn 
y i e l d s  i n  o n l y  two of  t h e  seven y e a r s ,  1979 and 1983, were s i g n i f i c a n t l y  reduced 
by a  l a c k  of d r a i n a g e ,  b u t  those  r e d u c t i o n s  of  162 and 31.6 b u s h e l s  per  a c r e  
below t h e  t o p  rank ing  y i e l d  were s u f f i c i e n t  t o  c r e a t e  a  s i g n i f i c a n t  d i f f e r e n c e  
o v e r a l l .  No tab ly ,  i n  t h r e e  of t h e  seven y e a r s ,  t h e  no-dra inage f a c t o r  produced 
t h e  t o p  y i e l d s ;  and i n  f i v e  of  t h e  seven y e a r s ,  produced y i e l d s  r ank ing  i n  t h e  
upper  c l a s s  of s i g n i f i c a n c e .  
I n  comparing t h e  d r a i n a g e  methods, o v e r a l l  means i n d i c a t e  t h a t  t i l e  d r a i n -  
age may produce s l i g h t l y  i n c r e a s e d  y i e l d s  above combinat ion d r a i n a g e ;  a l t h o u g h  
t h e  d i f f e r e n c e  of 4 .1  b u s h e l s  is no t  s i g n i f i c a n t .  S u r f a c e  d r a i n a g e  s i g n i f i c a n t -  
l y  reduced y i e l d  below t i l e  o r  combinat ion d r a i n a g e ,  12 .1  and 8 . 0  b u s h e l s  p e r  
a c r e ,  r e s p e c t i v e l y  . This  d i f f e r e n c e  is p robab ly  a  r e f l e c t i o n  of - t h e  p r e v i o u s l y  
d i s c u s s e d  problem of  e x c e s s i v e  t o p s o i l  removal on t h e  d r y l a n d  s u r f a c e  d r a i n e d  
p l o t  i n  s e r i e s  1200. I n s p e c t i o n  of t h e  t r e a t m e n t  combinat ions  i n  Tab le  22  f i n d s  
t h e  d r y l a n d  s u r f a c e  d r a i n a g e  mean w e l l  below i t s  t i l e  and combinat ion d r a i n e d  
c o u n t e r p a r t s  i n  1977 through 1980 and i n  1982 when t h e  corn  experiment was on 
s e r i e s  1100 and 1200. Th i s  d i f f e r e n c e  does r a i s e  a  s e r i o u s  q u e s t i o n  about  t h e  
a d v i s a b i l i t y  of land l e v e l i n g  on c laypan  s o i l s  t o  a c h i e v e  d r a i n a g e  u n l e s s  
i r r i g a t i o n  i s  planned because  of t h e  p o s s i b i l i t y  of c r e a t i n g  f a i r l y  l a r g e  a r e a s  
of d rough t  s u s c e p t i b l e  l and .  
INTERACTION - CORN 
I n t e r a c t i o n  e f f e c t s  of d r a i n a g e  and i r r i g a t i o n  a r e  i l l u s t r a t e d  by Table  22. 
When i r r i g a t i o n  i s  used ,  t h e  t y p e  of  d r a i n a g e  sys tem i s  n o t  a  s i g n i f i c a n t  f a c t o r  
i n  co rn  p r o d u c t i o n ,  s o  long as  d r a i n a g e  is ach ieved .  Tn "ordinary"  y e a r s ,  
d r a i n a g e  does  n o t  appear  t o  be  a  s i g n i f i c a n t  l i m i t i n g  f a c t o r  under  i r r i g a t i o n .  
I n  1979 and 1983, when d r a i n a g e  under i r r i g a t i o n  caused s i g n i f i c a n t  i n c r e a s e s  i n  
c o r n  y i e l d ,  two d i f f e r e n t  problems a s s o c i a t e d  w i t h  poor d r a i n a g e  i n  a  f i e l d  s i t -  
u a t i o n  a r e  i l l u s t r a t e d .  The 1983 r e s u l t s  may i l l u s t r a t e  t h e  more common problem 
a s s o c i a t e d  w i t h  poor d r a i n a g e  i n  a  f i e l d .  I n  a f i e l d  s i t u a t i o n ,  t i l l a g e  and 
p l a n t i n g  must be de layed  u n t i l  t h e  poor ly  d r a i n e d  a r e a s  r each  t h e  p roper  mois- 
t u r e  c o n d i t i o n s ;  c o n s e q u e n t l y ,  y i e l d  r e d u c t i o n s  a s s o c i a t e d  w i t h  t i m e l y  p l a n t i n g  
a r e  impor tan t  a c r o s s  t h e  e n t i r e  f i e l d .  The 1979 season  i l l u s t r a t e s  t h e  o t h e r  
p o t e n t i a l  problem of  f l o o d i n g  of  t h e  c r o p  d u r i n g  t h e  growing s e a s o n .  Al though,  
t h e  y i e l d  r e d u c t i o n s  over  t h e  f i e l d  might n o t  be a s  s e v e r e  a s  those  exper ienced  
i n  t h i s  exper iment ,  p r o d u c t i o n  l o s s e s  i n  f i e l d  s i t u a t i o n s  where ponding occur red  
would be  e x p e r i e n c e d .  
Without d r a i n a g e  i r r i g a t i o n  cou ld  be expec ted  t o  produce an average o f  40 
b u s h e l s  pe r  a c r e  i n c r e a s e  above d ry land .  Addi t ion  of d r a i n a g e  could  double  t h a t  
i n c r e a s e  t o  80 b u s h e l s  p e r  a c r e  a s  shown i n  Tab le  22 when comparing "Dryland and 
None" w i t h  " S p r i n k l e r  and T i l e " .  I n  f i e l d s  wi th  adequa te  d r a i n a g e  p r a c t i c e s  
y i e l d  i n c r e a s e s  i n  t h e  range  of  60 t o  80 b u s h e l s  p e r  a c r e  might be expected 
q u i t e  f r e q u e n t l y  from i r r i g a t i o n .  
DRAINAGE METHODS UNDER SPRINKLER IRRIGATION AND DRYLAND - SOYBEANS 
Soybean y i e l d s  f o r  t h e  annual  and combined r e s u l t s  of  t h e  2  x  4  i r r i g a t i o n -  
d r a i n a g e  f a c t o r i a l  a r e  p r e s e n t e d  i n  T a b l e s  23,  24 and 25. Over t h e  f o u r  year  
p e r i o d ,  s i g n i f i c a n t  y i e l d  i n c r e a s e s  were produced by i r r i g a t i o n  and d r a i n a g e  
f a c t o r s .  The i n t e r a c t i o n  e f f e c t s  of i r r i g a t i o n  and d r a i n a g e  a r e  not  s t a t i s t i c -  
a l l y  s i g n i f i c a n t .  
IRRIGATION FACTOR - SOYBEANS 
From i n s p e c t i o n  of Tab le  23, t h e  combined 4  y e a r  a n a l y s i s  i n d i c a t e s  t h a t  
soybean y i e l d s  a r e  p o s i t i v e l y  a f f e c t e d  by i r r i g a t i o n  w i t h  a  mean i n c r e a s e  o f  6.7 
b u s h e l s  pe r  a c r e .  However, by look ing  a t  t h e  annual  means f o r  t h e  i r r i g a t i o n  
f a c t o r s ,  t h i s  d i f f e r e n c e  may be q u e s t i o n a b l e  i n  s p i t e  of  t h e  s t a t i s t i c a l  s i g -  
n i f i c a n c e .  
I n  two of t h e  f o u r  s e a s o n s ,  i r r i g a t i o n  produced s i g n i f i c a n t l y  i n c r e a s e d  
y i e l d s ;  bo th  o f  t h e s e  y e a r s ,  1980 and 1983 were c h a r a c t e r i z e d  by we l l  above 
normal t empera tu res  and w e l l  below normal p r e c i p i t a t i o n  d u r i n g  t h e  growing 
season  - drough t  s t r e s s .  I n  1981 and 1982, t e m p e r a t u r e s  and r a i n f a l l  were 
g e n e r a l l y  q u i t e  f a v o r a b l e  f o r  c r o p  growth; a l t h o u g h ,  p e r i o d s  of d e f i c i e n t  r a i n -  
f a l l  occur red  d u r i n g  bo th  y e a r s .  Soybean y i e l d s  were n e g a t i v e l y  a f f e c t e d  by 
i r r i g a t i o n  d u r i n g  t h o s e  y e a r s ;  more s o  i n  1981 t h a n  1982. The n e a r  c r o p  f a i l u r e  
on t h e  d r y l a n d  p l o t s  i n  1983 a p p e a r s  t o  have c r e a t e d  t h e  p o s i t i v e  i r r i g a t i o n  
e f f e c t .  S e v e r a l  y e a r s  a d d i t i o n a l  d a t a  w i l l  be n e c e s s a r y  t o  e s t a b l i s h  v a l i d  
e s t i m a t e  o f  p o t e n t i a l  y i e l d  under i r r i g a t i o n .  
DRAINAGE FACTOR - SOYBEANS 
T a b l e  24 i n d i c a t e s  t h a t  any of t h e  d r a i n a g e  methods w i l l  s i g n i f i c a n t l y  
i n c r e a s e  soybean y i e l d  o v e r  a  non-drained s i t u a t i o n  by 5  t o  6.4 b u s h e l s  p e r  
a c r e .  There  i s  no s i g n i f i c a n t  d i f f e r e n c e  between t h e  t h r e e  methods of d r a i n a g e .  
Annual r e s u l t s  a r e  c o n s i s t e n t  wi th  t h e  r e a c t i o n  t o  i r r i g a t i o n .  I n  d r y  
y e a r s ,  d r a i n a g e  does  n o t  s i g n i f i c a n t l y  i n c r e a s e  soybean y i e l d  w h i l e  i n  y e a r s  of 
p l e n t i f u l  m o i s t u r e ,  d r a i n a g e  p o s i t i v e l y  a f f e c t s  soybean p r o d u c t i o n  by 12 t o  13  
b u s h e l s  p e r  a c r e .  
INTERACTION 
The i r r i g a t i o n - d r a i n a g e  t r e a t m e n t  comparisons i n  T a b l e  25 show one i n t e r -  
e s t i n g  t r e n d  i n  t h e  o v e r a l l  means, which does  n o t  o c c u r  d u r i n g  an i n d i v i d u a l  
y e a r .  The o v e r a l l  means appear  t o  i n d i c a t e  t h a t  i r r i g a t i o n  wi thou t  d r a i n a g e  and 
d r y  l and  w i t h  adequa te  d r a i n a g e  produce e q u i v a l e n t  y i e l d s ;  however, t h e  annual  
compar isons  l end  l i t t l e  suppor t  t o  t h i s  c o n c l u s i o n .  The n e a r l y  complete  c r o p  
f a i l u r e  on t h e  d r y l a n d  t r e a t m e n t s  i n  1983 h a s  p robab ly  reduced t h e  means of t h e  
d r y l a n d  t r e a t m e n t s  t o  a  g r e a t e r  d e g r e e  than  long term a v e r a g e s  w i l l  i n d i c a t e .  
The i n d i v i d u a l  annual  r e s u l t s  do i l l u s t r a t e  t h e  importance  of d r a i n a g e  i n  
y e a r s  of  a d e q u a t e  o r  e x c e s s i v e  p r e c i p i t a t i o n ,  p a r t i c u l a r l y  when i r r i g a t i o n  i s  
used.  
IRRIGATION SCHEDULING TO OPTIMIZE WATER USE ON CLAYPAN SOILS 
I r r i g a t i o n  s c h e d u l i n g  i s  an important  p a r t  o f  bo th  management and p l a n n i n g  
o f  i r r i g a t i o n  sys tems .  I f  t h e  i r r i g a t i o n  c y c l e  beg ins  t o o  e a r l y ,  t h e r e  i s  a  
waste  o f  wa te r  and an o v e r t a x i n g  o f  t h e  d r a i n a g e  sys tem.  I f  t h e r e  is  a  d e l a y  i n  
i r r i g a t  ion  c r o p  y i e l d s  w i l l  be reduced and b e n e f i t s  t h a t  could  have r e s u l t e d  
from t i m e l y  i r r i g a t i o n  w i l l  be  l o s t .  
During t h e  1981 growing season a  s t u d y  was made of t h e  a p p l i c a b i l i t y  of a  
commonly used i r r i g a t i o n  s c h e d u l i n g  p rocedure  t o  t h e  corn  t r e a t m e n t  7 .  The pro- 
cedure  s e l e c t e d  was t h e  checkbook method of  i r r i g a t i o n  s c h e d u l i n g  ( ~ u n d s t r o m ,  D. 
R. and Stegman, E.C., 1983) .  Th i s  method i n v o l v e s  u s e  o f  maximum d a i l y  
t empera tu re  and r a i n f a l l  r e c o r d s ,  t h e  s o i l  wa te r  h o l d i n g  c a p a c i t y  and c r o p  
growth s t a g e s .  I t  h a s  t h e  advantage o f  s i m p l i c i t y  f o r  r eady  farm use  and h a s  
been adopted a s  an a c c e p t a b l e  method by t h e  I l l i n o i s  I r r i g a t i o n  A s s o c i a t i o n .  
The s o i l  m o i s t u r e  c o n t e n t  p r e d i c t e d  by t h e  checkbook method was compared t o  t h e  
s o i l  m o i s t u r e  determined u s i n g  t e n s i o m e t e r s .  I n  o r d e r  t o  conver t  t e n s i o m e t e r  
d a t a  t o  wa te r  c o n t e n t  on a  volume b a s i s ,  s o i l  wa te r  c h a r a c t e r i s t i c s  were 
n e c e s s a r y .  The s o i l  wa te r  c h a r a c t e r i s t i c s  c u r v e  used was t h a t  s p e c i f i e d  i n  t h e  
checkbook method. A l l  measurements were made on p l o t s  909 and 1004 a s  shown i n  
F i g u r e  3 .  
S i n c e  t h e  s o i l  a s s o c i a t i o n  on t h e  p l o t s  s e l e c t e d  was Cisne  s i l t  loam w i t h  a  
v e r y  heavy s u b s t r a t u m  ( c l a y p a n ) ,  t h e  wa te r  h o l d i n g  c a p a c i t y  of  a  c l a y  loam s o i l ,  
2 .6  i n c h e s  pe r  f o o t ,  was s e l e c t e d  f o r  t h e  base  wa te r  c o n t e n t .  Corn i s  o r d i n a r l y  
a  deep  roo ted  c r o p  but because  of  t h e  r e s t r i c t i v e  c laypan  l a y e r ,  r o o t s  a r e  
g e n e r a l l y  l i m i t e d  t o  l e s s  than  two f e e t ,  c o n s e q u e n t l y  1 . 5  f e e t  was s e l e c t e d  f o r  
t h e  r o o t i n g  d e p t h  throughout  t h e  growing season .  
Three  c r i t i c a l  t ime p e r i o d s  were s e l e c t e d  d u r i n g  t h e  summer of 1981. These 
p e r i o d s  were s e l e c t e d  because  they  r e p r e s e n t e d  t h e  c r o p  w a t e r  use  d u r i n g  t imes  
o f  low p r e c i p i t a t i o n  f o r  t h e  e a r l y ,  midd le  and l a t e  growing season .  
F i g u r e s  5 and 6 show t h e  c a l c u l a t e d  and measured v a l u e s  of  s o i l  w a t e r  
t o g e t h e r  w i t h  r a i n f a l l  and i r r i g a t i o n  f o r  t h e  1981 season .  Tensiometer  v a l u e s  
were de te rmined  by a v e r a g i n g  r e a d i n g s  a t  t h e  12 and 1 8  inch  dep th  and c o n v e r t i n g  
t h e s e  r e a d i n g s  t o  vo lumet r i c  m o i s t u r e  i n  i n c h e s  pe r  f o o t .  
The n e g a t i v e  s l o p e s  o f  t h e  p l o t t e d  l i n e s  i n  F i g u r e s  5 and 6 show t h e  w a t e r  
u s e  r a t e  between i r r i g a t i o n s ,  a  most impor tan t  f a c t o r  i n  an i r r i g a t i o n  schedul-  
i n g  model. When t h e s e  s l o p e s  a r e  compared t h e y  show t h a t  t h e  checkbook method 
provided a  c o n s e r v a t i v e  e s t i m a t e  of  wa te r  use based on 1981 d a t a .  
The p o s i t i v e  inc rements  of s o i l  w a t e r  shown i n  F i g u r e s  5 and 6 r e s u l t  from 
i r r i g a t i o n  on J u l y  11 and r a i n f a l l  on J u l y  14 .  The p r e d i c t e d  i n c r e a s e s  a r e  
based  on a  no l o s s  assumpt ion and a r e  g r e a t e r  t h a n  t h e  measured v a l u e s .  Water 
l o s s e s  a r e  h i g h l y  v a r i a b l e  on c laypan  s o i l ,  depending on a l l  f a c t o r s  a f f e c t i n g  
runof f  a s  w e l l  a s  t h o s e  which de te rmine  e v a p o t r a n s p i r a t i o n  d u r i n g  i r r i g a t i o n  and 
r a i n f a l l .  
A n a l y s i s  of 1981 d a t a  showed t h a t  t h e  checkbook method of i r r i g a t i o n  
s c h e d u l i n g  cou ld  be  adap ted  t o  c laypan  s o i l s .  I n  p r a c t i c e  t h e  checkbook v a l u e s  
shou ld  be c o r r e c t e d  a f t e r  e v e r y  r a i n f a l l  o r  i r r i g a t i o n  u s i n g  d e v i c e s ,  such a s  
t e n s i o m e t e r s ,  t o  p r o v i d e  i n p u t  of  a c t u a l  f i e l d  m o i s t u r e  measurements.  
DRAINAGE OF CLAYPAN SOILS 
The purpose  of a g r i c u l t u r a l  d r a i n a g e  i n  humid r e g i o n s  such as i n  C e n t r a l  
I l l i n o i s  i s  t o  lower t h e  wa te r  c o n t e n t  o f  t h e  r o o t  zone s o  t h a t  a i r  can pene- 
t r a t e  t o  t h e  p l a n t  r o o t s ,  t h u s  p r o v i d i n g  oxygen t o  t h e  r o o t s  and t r a n s p o r t i n g  
away t h e  ca rbon  d i o x i d e  produced.  The n e c e s s a r y  chemica l  r e a c t i o n s  and a c t i v i t y  
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by microorganisms a r e  f a c i l i t a t e d  by t h e  p resence  of  a i r  and removal of ca rbon  
d i o x i d e .  The wa te r  c o n t e n t  a t  which d r a i n a g e  becomes c r i t i c a l  i s  v e r y  nea r  
s a t u r a t i o n ,  c o n s e q u e n t l y  t h e  wa te r  t a b l e  o r  p h r e a t i c  s u r f a c e  i n  t h e  s o i l  i s  
o f t e n  used a s  t h e  i n d i c a t i o n  of adequa te  d r a i n a g e .  The d e v i c e s  used t o  d e t e r -  
mine t h e  lower wa te r  c o n t e n t s  i n  t h e  s o i l  t h a t  a r e  c r i t i c a l  i n  e v a l u a t i n g  
d rough t  s t r e s s  a r e  u s u a l l y  not  ve ry  e f f e c t i v e  i n  d e t e r m i n i n g  t h e  p o s i t i o n  of the  
wa te r  t a b l e .  The u s u a l  d e v i c e  used t o  d e t e r m i n e  wa te r  t a b l e  e l e v a t i o n  is an 
open o b s e r v a t i o n  w e l l .  Almost a l l  d r a i n a g e  d e s i g n  c r i t e r i a  is based on c o n t r o l  
o f  t h e  p o s i t i o n  of  t h e  wa te r  t a b l e  i n  t h e  s o i l  a s  measured w i t h  such w e l l s .  
The e f f e c t  of wa te r  t a b l e  dep th  on c r o p  y i e l d  ( S i e b e n ,  1964) h a s  l e d  t o  t h e  
a c c e p t a n c e  of SEW30. SEW30 i s  t h e  sum of e x c e s s  w a t e r - t a b l e  r i s e s  above 
t h e  30-cm d e p t h  o r d i n a r i l y  measured i n  cm d a y s .  For example,  i f  t h e  wa te r  t a b l e  
i s  a t  an average  dep th  of 20 cm f o r  10 d a y s ,  SEW30 = 100 cm days .  The t o t a l  
measure of SEW30 d u r i n g  t h e  growing season g i v e s  a  v a l u e  t h a t  r e l a t e s  
i n v e r s e l y  t o  t h e  e f f e c t i v e n e s s  of  a  d r a i n a g e  sys tem.  
C e r t a i n  s o i l  pa ramete r s  a r e  v e r y  u s e f u l  i n  d e s i g n i n g  d r a i n a g e  sys tems.  
These same s o i l  pa ramete r s  can be used i n  comparing t h e  d r a i n a b i l i t y  of  s o i l s .  
Hydrau l i c  c o n d u c t i v i t y ,  K ,  is  one such parameter  whi le  d r a i n a b l e  p o r o s i t y ,  f ,  i s  
a n o t h e r .  
Pa t ronsky  and Schwab (1979) d e s c r i b e  a  method whereby f i e l d  measured v a l u e s  
o f  wa te r  t a b l e ,  measured d u r i n g  drawdown, can be used t o  d e t e r m i n e  t h e  e f f e c -  
t i v e n e s s  of a  d r a i n a g e  system. 
During 1982 two o b s e r v a t i o n  w e l l s  were i n s t a l l e d  a t  t h e  c e n t e r  l i n e  between 
t h e  s u b s u r f a c e  d r a i n s  f o r  each of  t h e  p l o t s  a f t e r  p l a n t i n g  o p e r a t i o n s  and a t  t h e  
same p o i n t  i n  p l o t s  wi thou t  d r a i n s .  Readings o f  wa te r  e l e v a t i o n  were taken i n  
each w e l l  on a  d a i l y  b a s i s  d u r i n g  p e r i o d s  of  h igh  w a t e r  t a b l e .  Th i s  p e r m i t t e d  a  
measure of SEW30 f o r  each d r a i n a g e  t r e a t m e n t .  F i g u r e  7  shows t h e  r e s u l t s  of 
t h i s  1982 s t u d y  of SEW30. Each v a l u e  i n  F i g u r e  7  r e p r e s e n t s  an average of 4  
v a l u e s ,  2  from each o f  2  p l o t s .  There was a  wide v a r i a t i o n  i n  measurements t h u s  
l i m i t i n g  t h e  l e v e l  of s i g n i f i c a n c e  of t h e  1982 d a t a  but  some i n f e r e n c e s  can be 
made from t h e  averages :  ( 1 )  The nondrained t r e a t m e n t s  had t o t a l  SEW30 
v a l u e s  more than  two t i m e s  g r e a t e r  than  t h e  h i g h e s t  v a l u e  f o r  a  d r a i n a g e  t r e a t -  
ment. A l l  d r a i n a g e  t r e a t m e n t s  e f f e c t i v e l y  reduced t h e  SEW30 v a l u e ,  ( 2 )  The 
i r r i g a t e d  t r e a t m e n t s  r e s u l t e d  i n  g r e a t e r  SEW30 v a l u e s  than  n o n i r r i g a t e d  
t r e a t m e n t s  and ( 3 )  There  was v e r y  l i t t l e  d i f f e r e n c e  i n  SEW30 v a l u e s  between 
d r a i n a g e  t r e a t m e n t s .  
During t h e  f a l l  of 1983 two s u b s u r f a c e  d r a i n a g e  p l o t s  were s e l e c t e d  t o  con- 
d u c t  a . t e s t  o f  K/f u s i n g  t h e  method o f  Pa t ronsky  and Schwab (1979) .  The p l o t s  
s e l e c t e d  were 1202 and 1206. The p l o t s  were s a t u r a t e d  by i r r i g a t i o n  on November 
14  and drawdown measurements were made f o r  a  12 hour  p e r i o d  a f t e r  s a t u r a t i o n .  
The c a l c u l a t e d  average  K/f v a l u e  us ing  o b s e r v a t i o n  w e l l s  a t  t h e  .1 s p a c i n g  p o i n t  
was found t o  be 0.037 mlhr .  Th i s  i s  a  v e r y  low v a l u e  o f  ~ / f  when compared t o  
0 th -e r  heavy s o i l s  and i n d i c a t e s  t h a t  t h e  20 f o o t  d r a i n  s p a c i n g  used i n  t h i s  
r e s e a r c h  i s  a p p r o p r i a t e  f o r  such s lowly  permeable  s o i l .  A twen ty  f o o t  s p a c i n g  
between d r a i n s  i s  probably  no t  an economical  p r a c t i c e  f o r  g r a i n  c r o p s .  S i n c e  
t h e r e  i s  v e r y  l i t t l e  d i f f e r e n c e  i n  SEW30 between t h e  s u b s u r f a c e  d r a i n a g e  
t r e a t m e n t  and t h e  s u r f a c e  d r a i n a g e  t r e a t m e n t ,  p robab ly  s u r f a c e  d r a i n a g e  is t h e  
more economical  d r a i n a g e  p r a c t i c e  on t h e s e  s o i l s  i f  we c o n s i d e r  t h e  yea r  when 
SEW30 v a l u e s  were c o l l e c t e d ,  1982,  t o  be a  t y p i c a l  yea r .  
PLASTIC TUBING PERFORMANCE 
One s e t  o f  twenty  p l o t s ,  t h e  1100 and 1200 s e r i e s ,  was c o n s t r u c t e d  i n  1976 
i n c l u d i n g  a  s u b s u r f a c e  d r a i n a g e  system, c o n s e q u e n t l y  1983 was the  seven th  season 
o f  o p e r a t i o n .  An i n v e s t i g a t i o n  o f  t h e  3-inch p l a s t i c  t u b i n g  was made i n  August 
o f  1983 t o  e v a l u a t e  i t s  c o n d i t i o n .  The t u b i n g  dep th  t o  g rade  averaged 15.5  
i n c h e s  w i t h  an  average  o f  12 inches  o f  c u v e r .  No sediment c o n t r o l  measures had 
been used d u r i n g  i n s t a l l a t i o n .  Twenty-three e x c a v a t i o n s  were made on 8  p l o t s ,  a  
sample o f  d r a i n  t u b i n g  was removed and r e p l a c e d ,  and o b s e r v a t i o n s  were made of 
sediment  and r o o t s  i n  t h e  d r a i n s  a s  w e l l  a s  d e f l e c t i o n .  The maximum d e f l e c t i o n  
found i n  any d r a i n  a t  t h e  e x c a v a t i o n  p o i n t  was 6 % .  Th i s  i s  much l e s s  than  t h e  
a l l o w a b l e  20% used a s  t h e  c u r r e n t  s t a n d a r d  f o r  p l a t i c  t u b i n g  f o r  most d r a i n a g e  
i n s t a l l a t i o n s .  Four t o  s i x  inch  d i s k i n g  had been t h e  d e e p e s t  t i l l a g e  used a t  
any t ime d u r i n g  t h e  s t u d y  wi th  t h e  e x c e p t i o n  of  1980 ( s e e  T a b l e s  1 and 2 ) .  The 
sediment  i n  d r a i n s  was a  more d i s t u r b i n g  f a c t o r  than d e f l e c t i o n .  Of t h e  23 
samples c o l l e c t e d  14 c o n t a i n e d  measurable  q u a n t i t i e s  of sediment and i n  6  
samples t h e  sediment  had d i s p l a c e d  o v e r  20 p e r c e n t  of  t h e  t u b i n g  d i a m e t e r .  I n  
many c a s e s  r o o t s  had e n t e r e d  t h e  t u b i n g  through d r a i n  open ings .  I n  some c a s e s  
t h e  r o o t s  had formed a  f i b r o u s  mat t h a t  exceeded 10 p e r c e n t  o f  t h e  d r a i n  
d i a m e t e r .  F i g u r e  8  shows an example of a  s e c t i o n  of t u b i n g  where roo t  i n t r u s i o n  
was e x c e s s i v e .  
The s t u d y  of p l a s t i c  t u b i n g  c o n d i t i o n  r e s u l t e d  i n  two c o n c l u s i o n s :  1. The 
t h r e e  i n c h  p l a s t i c  t u b i n g  used i n  t h i s  s t u d y  was s t r u c t u r a l l y  adequa te  w i t h  one 
f o o t  of s o i l  cover .  No deep t i l l a g e  was used d u r i n g  t h e  s t u d y .  2. Roots and 
sediment  were problems i n  s h o r t e n i n g  d r a i n  l i f e .  Some sediment  c o n t r o l  measures 
should  have been used d u r i n g  i n s t a l l a t i o n .  
ECONOMIC CONSIDERATIONS 
An economic a n a l y s i s  of i r r i g a t i o n  u s i n g  a  c e n t e r  p i v o t  system w i t h  a  
groundwater  s o u r c e  i n d i c a t e s  t h a t  c o r n  y i e l d  i n c r e a s e s  of  50 t o  64 b u s h e l s  p e r  
a c r e  a r e  n e c e s s a r y  t o  cover  f i x e d  and v a r i a b l e  c o s t s ;  soybean y i e l d  i n c r e a s e s  of 
20 t o  27 b u s h e l s  p e r  a c r e  a r e  n e c e s s a r y  t o  c o v e r  t h e  same c o s t s  (Rruckner  e t  
a l . ,  1982) .  The average  corn  y i e l d  i n c r e a s e s  over  seven y e a r s  a r e  p robab ly  
s u f f i c i e n t  t o  pay f o r  t h e  sys tem and pe rhaps  produce some p r o f i t s  under t h e s e  
assumpt ions ;  soybean y i e l d  i n c r e a s e s  from i r r i g a t i o n  a r e  t o o  low t o  pay f o r  t h e  
sys tem,  under  t h e  assumed c o n d i t i o n s .  On a  y e a r l y  b a s i s ,  i n c r e a s e s  i n  c o r n  
y i e l d  would have been p r o f i t a b l e  i n  t h r e e  of t h e  y e a r s ,  and u n p r o f i t a b l e  i n  f o u r  
y e a r s .  Soybean p r o d u c t i o n  i n c r e a s e s  would have been marg ina l  d u r i n g  one y e a r ,  
1983,  and i n s u f f i c i e n t  t o  pay c o s t s  d u r i n g  t h e  o t h e r  t h r e e  y e a r s .  
Some a d d i t i o n a l  f a c t o r s  which a r e  impor tan t  on c l a y p a n  s o i l  shou ld  r e c e i v e  
c a r e f u l  c o n s i d e r a t i o n  p r i o r  t o  i n s t a l l a t i o n  of an i r r i g a t i o n  system. Unless  t h e  
a r e a  t o  be i r r i g a t e d  is a d e q u a t e l y  d r a i n e d  n a t u r a l l y ,  d r a i n a g e  i n s t a l l a t i o n  
c o s t s  may be  s i g n i f i c a n t .  P robab ly  t h e  most impor tan t  c o n s i d e r a t i o n  w i l l  be 
a v a i l a b i l i t y  o f  a  s u i t a b l e  s i t e  f o r  a  r e s e r v o i r  t o  p r o v i d e  wa te r  f o r  t h e  i r r i g a -  
t i o n  sys tem s i n c e  groundwater s u p p l i e s  a r e  g e n e r a l l y  inadequa te  f o r  t h i s  purpose 
i n  t h e  c l a y p a n  r e g i o n .  The l a n d  and development c o s t s  f o r  a  r e s e r v o i r  of  s u f f i -  
c i e n t  s i z e  t o  p rov ide  a  dependable  wa te r  source  a r e  a lmost  c e r t a i n  t o  exceed t h e  
development c o s t  of  t h e  w e l l  assumed by Rruckner e t  a l .  Another c o m p l i c a t i o n  
a s s o c i a t e d  w i t h  r e s e r v o i r  c o n s t r u c t i o n  i s  t h e  p o t e n t i a l  l o s s  of c rop land  t o  t h e  
r e s e r v o i r ;  p robab ly  most of t h e  c r o p l a n d  l o s t  t o  a  r e s e r v o i r  would be of  t h e  
h i g h e r  p r o d u c t i v i t y  c l a s s e s .  
CONCLUSIONS 
1. Corn was found t o  be p a r t i c u l a r l y  r e s p o n s i v e  t o  both  d r a i n a g e  and i r r i -  
g a t i o n  w i t h  an average  y i e l d  i n c r e a s e  of 80 b u s h e l s  per a c r e  when comparing "No 
i r r i g a t i o n "  and "No dra inage"  wi th  " S p r i n k l e r  i r r i g a t i o n 1 '  and " T i l e  d ra inage" .  
2. I r r i g a t i o n  of c laypan s o i l s  s i g n i f i c a n t l y  i n c r e a s e s  corn  y i e l d s  even 
d u r i n g  y e a r s  w i t h  q u i t e  f a v o r a b l e  p r e c i p i t a t i o n  d i s t r i b u t i o n .  Yie ld  i n c r e a s e s  
o f  12 t o  40 b u s h e l s  pe r  a c r e  may be expec ted  d u r i n g  t h o s e  f a v o r a b l e  y e a r s  wi th  
p roper  i r r i g a t i o n  s c h e d u l i n g .  Soybeans a r e  l e s s  r e s p o n s i v e  t o  i r r i g a t i o n ;  
a l t h o u g h ,  s i g n i f i c a n t  y i e l d  i n c r e a s e s  from i r r i g a t i o n  a r e  p o s s i b l e  under 
p e r s i s t e n t  d rough t  c o n d i t i o n s .  
3 .  The i r r i g a t i o n  methods t e s t e d  produce e q u i v a l e n t  y i e l d  responses  from 
b o t h  corn  and soybeans .  
4.  I r r i g a t i o n  of corn  a t  l e s s  than f i f t y  pe rcen t  s o i l  m o i s t u r e  d e p l e t i o n  
n e i t h e r  i n c r e a s e s  o r  d e c r e a s e s  y i e l d ;  c o n s e q u e n t l y ,  i r r i g a t i o n  f o r  maximum y i e l d  
on d r y  s i t e s  w i t h i n  a  f i e l d  w i l l  n o t  reduce p r o d u c t i o n  on t h e  more mois t  a r e a s .  
5 .  I r r i g a t i o n  s c h e d u l i n g  wi th  s o i l  m o i s t u r e  m o n i t o r i n g  d e v i c e s  produces 
t h e  most e f f i c i e n t  use of  wa te r  s u p p l i e s .  The checkbook s c h e d u l i n g  system can - 
produce s i m i l a r l y  good wa te r  use  e f f i c i e n c y .  The a n t e c e d e n t  t o t a l  m o i s t u r e  
method of  i r r i g a t i o n  s c h e d u l i n g  is l e s s  e f f i c i e n t .  
6 .  I r r i g a t i o n  of  doub le  c r o p  soybeans  i s  p romis ing ;  however, two y e a r s  
d a t a  is  i n s u f f i c i e n t  t o  draw f i r m  c o n c l u s i o n s  concern ing  t h e  p r o d u c t i v i t y  
i n c r e a s e .  
7 .  Dra inage  method is  of  l i t t l e  importance  t o  c r o p  y i e l d  under i r r i g a t i o n ,  
s o  long  a s  d r a i n a g e  i s  p rov ided .  
Without i r r i g a t i o n ,  s u r f a c e  d r a i n a g e ,  p a r t i c u l a r l y  wide s c a l e  l e v e l i n g ,  may 
reduce  t o p s o i l  d e p t h  c a u s i n g  s e v e r e  y i e l d  r e d u c t i o n s  i n  l o c a l i z e d  a r e a s .  
T i l e  d r a i n a g e  of  s o i l s  wi th  adequa te  s u r f a c e  d r a i n a g e  produces  no y i e l d  
i n c r e a s e s .  T i l e  d r a i n a g e  of i n a d e q u a t e l y  d r a i n e d  s i t e s  is a  v i a b l e  a l t e r n a t i v e  
t o  s u r f a c e  d r a i n a g e .  S ince  g r a d i n g  i s  n o t  n e c e s s a r y ,  t o p s o i l  d i s t u r b a n c e  i s  
h e l d  t o  a  minimum. A f u r t h e r  advantage of t i l e  d r a i n a g e  is t h e  improved water  
q u a l i t y  s i n c e  t h e  t i l e  e f f l u e n t  i s  p r a c t i c a l l y  sediment f r e e .  Disadvantages  of 
t i l e  d r a i n a g e  i n  c l sypan  s o i l s  a r e  some l i m i t a t i o n  of t i l l a g e  o p t i o n s  because of 
t h e  n e c e s s a r i l y  s h a l l o w  d e p t h  o f  i n s t a l l a t i o n  and s e d i m e n t a t i o n  i n t o  t h e  t i l e .  
The s e d i m e n t a t i o n  problem may be c o r r e c t e d  by use of a  sediment b a r r i e r  o v e r  t h e  
t i l e .  
8. Corn h y b r i d s  and soybean v a r i e t i e s  used i n  t h e  exper iment  have i l l u s -  
t r a t e d  some p o t e n t i a l s  and problems a s s o c i a t e d  w i t h  i r r i g a t i o n .  The s u p e r i o r  
r e sponse  of  t h e  B 7 3  x  Pa91 corn  hybr id  t o  i r r i g a t i o n  i n  1981 and 1982 s u g g e s t s  
t h a t  h y b r i d  s e l e c t i o n  i s  o f  c o n s i d e r a b l e  importance .  Likewise ,  c a r e f u l  s e l e c -  
t i o n  of  soybean v a r i e t i e s  under i r r i g a t i o n  is n e c e s s a r y .  The i n d e t e r m i n a t e  
t y p e s  used were a l l  s u b j e c t  t o  c o n s i d e r a b l e  lodg ing  under i r r i g a t i o n ,  bu t  lodg- 
i n g  was n o t  observed i n  t h e  d e t e r m i n a t e  type soybean t h a t  was grown. 
9 .  The r e s u l t s  of  t h i s  s t u d y  a r e  s i t e  s p e c i f i c  and c a r e f u l  economic 
a n a l y s i s  of t h e  development c o s t s  a s s o c i a t e d  w i t h  i r r i g a t i o n  s y s  tem i n s t a l l a t  i o n  
on c laypan  s o i l s  i n c l u d i n g  d r a i n a g e  and w a t e r  s u p p l y  w i l l  be r e q u i r e d  t o  

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table  3. I r r i g a t i o n  Amounts, Corn 
Furrow S p r i n k l e r  
Year Surf  a c e  Combination S u r f a c e  Combinat i o n  T i l e  None 
* S p r i n k l e r  i r r i g a t i o n  a p p l i e d  a t  113 p l a n t  a v a i l a b l e  m o i s t u r e  d e p l e t i o n .  
Table  4 .  I r r i g a t i o n  Amounts, Soybeans 
Furrow S p r i n k l e r  
Year Sur f  a c e  Combinat i o n  S u r f a c e  Comb i n a t  i o n  T i l e  None 
* S p r i n k l e r  i r r i g a t i o n  on z e r o - t i l l  doub le  c r o p  beans  f o l l o w i n g  smal l  g r a i n .  
'one p l o t ,  t h e  o t h e r  p l o t  had a  g r e a t l y  reduced p o p u l a t i o n  from e a r l y  f l o o d i n g  
and d i d  n o t  r e q u i r e  i r r i g a t i o n .  
Tab le  5 .  Corn Hybrids  - Mean Yield  
Hybrid 1980 1981 1982 1983 
P i o n e e r  3183 118.3 187.9 178.6 99.2 
873  x  Pa91 - - 193.6 181.9 8 3 . 9  
P i o n e e r  Ex7227 114.3 -- -- -- 
DeKalb TlOOO* - - - - - - 44.5  
*Non-drained p l o t s  on ly  
T a b l e  6 .  Soybean V a r i e t i e s  - Mean Y i e l d s  
V a r i e t y  1980 1981 1982 1983 
Wi l l i ams  42.1  49.7 43.9 21.7 
P i x i e  - - 57.3  41 . O  -- 
Lawrence - - -- 31.8* 19.5 
M i t c h e l l  44 .4  - - - - - - 
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T a b l e  10 .  Corn Y i e l d ,  I r r i g a t i o n  Method 
T r e a t m e n t s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  
I r r i g a t i o n  Method 1977 1978 1979 1980 1981 
Furrow 145.4 A 68.7  A 175.5  A 165.9  A 199.2  A 
S p r i n k l e r  149.7 A 78.2 A 186.0 A 157.7 A 202 .3  A 
Dry1 and 52.8 B 32 .8  B 133.5 B 45.9 B 171.2  B 
LSD 15.27 > 




87.2  B 
6.90 
T r e a t m e n t s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  
Dra inage  Method 1977 1978 1979 1980 1981 
S u r f  a c e  110.7 A 54.1  A 156.5 B 117.1 A 191.3 A 
Combinat ion  121.2 A 65.7  A 173 .5  A 129 .2  A 190.5  A 
LSD 12.47 - 
T a b l e  12 .  Corn Y i e l d ,  D r a i n a g e  and I r r i g a t i o n  Combined 
Average 
125.9  B 
136.0 A 
5 .58  
T r e a t m e n t s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  
I r r i g a t i o n  x D r a i n a g e  1977 1978 1979 1980 1981 
Furrow x S u r f a c e  140.0 61 .4  167 .O 158.8  198.9  
Furrow x Combinat ion  150 .8  75.9 184.0  173.0  199.5  
S p r i n k l e r  x S u r f a c e  148.9 75.6 185.5  157.8  203.3 
S p r i n k l e r  x Combinat ion  150.6 80 .8  186.5  157.6 201.3 
Dry land  x S u r f a c e  43 .3  25.2 117.0 34.8 171.7 
Dryland x Combinat i o n  62 .2  40 .5  150.0  57 .0  170.7  
LSD 21.60 9 
Average 
145 .2  B 
156.6 A 
154 .2  AB 
155 .4  A 
78 .4  D 
96 .1  C 
9.66 
-34- 
Table 13. Single-cropped Soybean Yield, Irrigation Method 
Treatments with the same letter are not significantly 
different. 
1980 1981 
Furrow 45.9 A 58.4 A 
Sprinkler 46.5 A 52.4 A 
Dry 1 and 34.6 B 56.8 A 
LSD 9.58 






Treatments with the same letter are not significantly 
different. 
1980 1981 
Surface 44.6 A 54.3 A 
Combinat ion 40.1 A 57.4 A 
LSD 7.82 > 





Treatments with the same letter are not significantly different. 
1980 1981 
Furrow x Surface 47.5 57.6 
Furrow x Combination 44.3 59.3 
Sprinkler x Surface 47.7 51.2 
Sprinkler x Combination 45.4 53.5 
Dryland x Surface 38.6 54.1 
Dryland x Combination 30.6 59.4 










Tab le  1 6 .  Corn Y i e l d ,  I r r i g a t i o n  I n t e n s i t y  Comparison 
Treatments  wi th  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t .  
1982 1983 
Low Tension 188.8 A 143.9 A 
Norma 1 187.8 A 144.8 A 
Dryland 161.1 B 1 . 4  B 
LSD 15.27 > 
T a b l e  17.. Corn Y i e l d ,  Dra inage  Method Comparison on 
I r r i g a t i o n  I n t e n s i t y  P l o t s  
Average 
166 .3  A 
166.3  A 
81.2 B 
10.80 
Trea tments  wi th  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t .  
1982 1983 
S u r f a c e  178.6 A 95.1 A 
Combinat i o n  179.9 A 98.3 A 
LSD 12.47 > 
Table  18 .  Corn Y i e l d ,  I r r i g a t i o n  I n t e n s i t y  Drainage Method Combined 
Average 
136.9  A 
139.1 A 
8.82 
Trea tments  wi th  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  
Table  19. Double-Crop Soybeans 
1982 1983 
Low Tension x S u r f a c e  192.7 142.7 
Low Tension x Combination 184.9 145.1 
Regu la r  x S u r f a c e  185.2 141.5 
Regu la r  x Combination 190.5 148.1 
Dryland x S u r f a c e  158.0 1 .2  
Dryland x Combination 164.2 1 . 6  
LSD 21.60 > 
Average 
167.7 A 
165.0  A 
163 .4  A 




Treatments  wi th  t h e  same l e t t e r  a r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t .  
1982 1983 
S p r i n k l e r  30.8 A 26.7 A 
Dry l and  31.8 A 9 . 4  R 






Tab le  20. Corn Y i e l d ,  I r r i g a t i o n  Averaged Across  Drainage 
Trea tments  wi th  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  
1977 1978 1979 1980 1981 1982 1983 
S p r i n k l e r  148.0 A 86 .1  A 144.1 A 150.8  A 200.0 A 189.1 A 130.2 A 
Dryland 61.2 B 36.3 B 112.6 A 57.0  B 177.3  B 167.1  B 3.2 B 
LSD 10.80 
Table  21. Corn Y i e l d ,  Dra inage  Averaged Across  I r r i g a t i o n  
Average 
149.8  A 
87.8 B 
4.08 
Trea tements  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  
1977 1978 1979 1980 1981 1982 1983 
S u r f a c e  96.1 A 50.4 B 151.2 B 96.3 B 187.5 A 171.6 R 71.4 A 
Combination 106.4 A 60.6 AB 168.2 A 107.3  AB 186.0 A 177.3 AB 74.8 A 
T i l e  107.0 A 66.5 A 178.0 A 99.6 AB 194.9 A 187.4 A 76.1 A 
None 108.9 A 67 .3  A 16.0  C 112.4 A 186.0 A 176.0 AB 44.5 B 
LSD 15.27 > 
Average 
117.8  B 



































































































































































































































































































































































































































































Tab le  23. S ing le -c rop  Soybean Y i e l d ,  I r r i g a t i o n  Averaged Across  Drainage 
Trea tments  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  
Tab le  24. S ing le -c rop  Soybean Y i e l d ,  Drainage Averaged Across  I r r i g a t i o n  
1980 1981 1982 1983 
S p r i n k l e r  46.7 A 48.9 B 42.7 A 35.3  A 
Dry1 and 38.4 B 55.7 A 45.5 A 7.2 B 
LSD 5.76 
Average 
43.4  A 
36.7 B 
2.88 
Treatments  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  
Tab le  25. S ing le -c rop  Soybean Y i e l d ,  Treatment Combinations 
1980 1981 1982 1983 
S u r f a c e  43.2 A 52.7 A 47.2 A 19.8 A 
Combination 38.0 A 56.5 A 48.5 A 24.2 A 
T i l e  44.9 A 56.8 A 46.6 A 19.9 A 





42.1  A 
35.7 B 
4.07 
Trea tments  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  
1980 1981 1982 1983 
S p r i n k l e r  x S u r f a c e  47.7 A 51.2 A 46.5 A 33.6 A 
S p r i n k l e r  x Combination 45.4 A 53.5 A 48.2 A 38.2 A 
S p r i n k l e r  x T i l e  48.1 A 54.2 A 46.0 A 35.5 A 
S p r i n k l e r  x None 45.7 A 36.6 B 30.2 B 34.0 A 
Dryland x S u r f a c e  38 .6AB 5 4 . 1 A  4 7 . 8 A  6 .1  B 
Dryland x Combination 30.6 B 5 9 . 4 A  4 8 . 8 A  10.2 B 
Dryland x T i l e  41.8  AB 59.4 A 47.2 A 4.4 B 
Dryland x None 42.6 A 49.8  A 38.1 AB 8 . 4  B 
LSD 11.52 
Average 
44.8  A 









OVE /' OVZ OVE 
Treatment  Combinations 
P l o t  Layout 
Treatment  numbers have been 
a r b i t r a r i l y  a s s i g n e d .  Treatments  
were a s  i l l u s t r a t e d ,  1977-1981. 
Treatments  were randomly a s s i g n e d  
t o  b l o c k s  ( S e r i e s  1100 and 1200) 
i n  1977. When s e r i e s  900 and 1000 
were added i n  1980, t h e  o r i g i n a l  
randomi zed l a y o u t  was d u p l i c a t e d  
and soybeans were p l a n t e d  on t h e  
new p l o t s .  A f t e r  1980 corn and 
soybeans  were r o t a t e d .  In  1982, 
Treatments  #1 and #6 were modif ied 
a s  f o l l o w s :  
Corn 
S e r i e s  1100-1200 
Treatment  # 1  - Low Tension,  S p r i n k l e r  
I r r i g a t i o n  
Treatment  #6 - Low Tension,  S p r i n k l e r  
I r r i g a t i o n  
Soybeans 
S e r i e s  900 
Treatment # 1  - Double Crop, No Irri- 
g a t  ion  
Treatment #6 - Double Crop, S p r i n k l e r  
I r r i g a t i o n  
S e r i e s  1000 
Treatment # 1  - Double Crop, S p r i n k l e r  
900 I r r i g a t i o n  
Treatment #6 - Double Crop, No Irri- 
g a t  i o n  
1200 
10 9 8 7  6 5 4 3 2 1  
F igure  3 .  Brownstown I r r i g a t i o n  and  Drainage S tudy .  
;[ 
P r i n k l o r  











1 f L 
Drain Sumps 
Figure 4 .  P l o t  Layout of Treatment 7 Showing Instrument Locat ions.  

- PP- 
*SEW30 f o r  t h e  growing season 
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APPENDIX B 
C r i t i c a l l y  High T e m p e r a t u r e s  
S€ aaoqe lo 006 
0 T aaoqo lo 0cj6 
0 aaoqo lo 001 
sdea ~JOL 
69 - '76 
€9 - '76 
EL - Z6 
ZL - 96 
'7L - 96 
'7L - 26 
ZL - 26 
89 - €6 
'79 - 26 
LL - 16 
'79 - 16 
'79 - 16 
€L - '76 
ZL - 96 
ZL - 56 
59 - 16 
69 - L6 
OL - OOT 

PL - €6 
89 - 06 
TL - S6 
L9 - OOT 
S9 - 66 
€9 - €6 
ZL - 86 
SL - L6 
EL - S6 
EL - 06 
ZL - 56 
99 - 06 
€9 - T6 
69 - TOT 
9L - COT 
PL - TOT 
SL - 86 
OL - 96 
99 - 96 
8L - 96 
OL - L6 
8L - 96 
99 - €6 
69 - S6 
L9 - €6 
5L - TOT 
LL - ZOT 
ZL - 96 
L9 - 86 
99 - TOT 
LL - 90T 
9 T alzoqe 20 006 
E alzOqE 20 0S6 
0 ai'oqe 20 000 T 
sdea leqo;l 

TL - 26 
9L - 96 
5L - 96 
ZL - 06 
EL - 86 
9L - EOT 
6L - COT 
€L - 66 
5L - 86 
EL - L6 
TL - 96 
TL - 96 
TL - 96 
ZL - €6 
TL - €6 
OL - 96 
TL - 56 
89 - 96 
EL - 56 
99 - 56 
28 - Z6 
L9 - 96 
8L - 96 
APPENDIX C 
Treatment Descriptions and Irrigation Scheduling Methods 
Treatments 
Corn 
1 = Furrow irrigation, surface drainage (1977-1981); sprinkler irrigation 
at low tension (1982-1983) 
2 = Sprinkler irrigation, surface drainage 
3 = Dryland, surface drainage 
4 = Sprinkler irrigation, tile drainage 
5 = Dryland, tile drainage 
6 = Furrow irrigation, combination drainage (1977-1981); sprinkler 
irrigation at low tension (1982-1983) 
7 = Sprinkler irrigation, combination drainage 
8 = Dryland, combination drainage 
9 = Sprinkler irrigation, no drainage 
10  = Dryland, no drainage 

Cropping R o t a t i o n  
Corn 
1977-1980 Block 1 = S e r i e s  1100, Block 2  = S e r i e s  1200 
1981 Block 1 = S e r i e s  900,  Block 2  = S e r i e s  1000 
1982 Block 1  = S e r i e s  1100,  Block 2  = S e r i e s  1200 






Block 1 = S e r i e s  900,  Block 2  = S e r i e s  1000 
Block 1 = S e r i e s  1100, Block 2  = S e r i e s  1200 
Block 1 = S e r i e s  900,  Block 2  = S e r i e s  1000 
Block 1 = S e r i e s  1100, Block 2  = S e r i e s  1200 
Corn I r r i g a t i o n  Schedu l ing  
1979-1979 Minimum one inch of wa te r  ( I r r i g a t i o n  & P r e c i p i t a t i o n )  p e r  seven 
days  - a l l  i r r i g a t e d  t r e a t m e n t s  
1980-1981 One i n c h  of i r r i g a t i o n  a t  t e n s i o m e t e r  r e a d i n g  of 625 m i l l i b a r s  
(50% m o i s t u r e  d e p l e t i o n )  a t  t h e  one f o o t  l e v e l  
1982-1983 One i n c h  of i r r i g a t i o n  a t  t e n s i o m e t e r  r e a d i n g  of  625 m i l l i b a r s  
(50% m o i s t u r e  d e p l e t i o n )  a t  t h e  one f o o t  l e v e l  - Treatments  
2 , 4 , 7 , 9 ;  
One inch  of i r r i g a t i o n  a t  t e n s i o m e t e r  r e a d i n g  of 425 m i l l i b a r s  
(33% m o i s t u r e  d e p l e t i o n )  a t  t h e  one f o o t  l e v e l  - Treatments  
1 , 6 .  
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